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EXECUTIVE SUMMARY 
South Africa, like the rest of the world, is vulnerable to the impact of climate change 
and loss of biodiversity. Water pollution is one of the six global threats to freshwater 
biodiversity. The future health status and productivity of South Africa’s estuaries is 
dependent on two main factors: management and quality and quantity of freshwater 
inputs. 
 
South Africa has around 250 functioning estuaries along its 3000 km coastline 
(Hosking 2004). They play an invaluable role in ecosystem functioning and 
biodiversity conservation. Estuaries are amongst the richest and most productive parts 
of the marine environment and as such call for careful management. Some of these 
ecosystems are focus areas for urban an industrial development. Urbanization and 
industrialization pose a serious threat to these sensitive systems. Increased water 
pollution from domestic use, industry and agriculture affect the ecology of these 
estuarine, river and lake systems. 
 
A large number of South African estuaries are still in excellent or good condition, but 
these are mainly the very small systems. The larger systems, like the Swartkops 
estuary, often very important in terms of conservation value, are also often 
compromised in some way or other. 
 
The reasons why they are compromised include habitat destruction, artificial 
breaching and pollution, especially those close to urban areas. This situation is 
aggravated by outdated and inadequate sewage treatment plant infrastructure and 
unskilled operators that dispose untreated waste into these systems. 
 
Pollution into estuaries can result in the partial loss of the environmental service flows 
supplied by them. The result of lost environmental service flows has adverse 
consequences, such as diminished residential and holiday recreational appeal, as well 
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as reduced capacity to support subsistence livelihoods. Poor water quality not only 
limits its utilisation value, but is also places added economic burden on society, 
through both the primary treatment costs and the secondary impacts on the economy.  
 
Healthy estuarine ecosystems are essential for the maintenance of biodiversity and a 
wide range of environmental goods and services. Without a drastic improvement in 
water quality management approaches and treatment technologies, the continuous 
deterioration in water quality will decrease benefits and increase costs affiliated with 
use of these water resources.  
 
The market-based system of the South African economy has to a large extent failed to 
account for the value of the “free” goods and services provided by the natural 
environment. When the true value of the natural resources is unknown, there is a risk 
that less financial resources and capacity are made available to manage and protect 
these natural resources than is efficient. To ensure that these goods are properly taken 
into account, they must be valued and these values incorporated in social decision 
making. 
 
This study uses the contingent valuation method (CVM) to establish the value of the 
Swartkops estuary for changes to water quality. The CVM is a non-market valuation 
method that is widely used in cost-benefit analysis and environmental impact 
assessment. The CVM establishes the economic value of the good by asking the users 
of an environmental good to state their willingness to pay for a hypothetical scenario 
to prevent, or bring about, certain changes in the current condition of the 
environmental good. 
 
This method is subjected to some criticism. This criticism revolves around the validity 
and the reliability of estimated results and the effects of various biases and errors on 
them. The North Oceanic and Atmospheric Administration (NOAA) Blue-Ribbon 
panel investigating the validity of the CVM resolved that the CVM can be used to 
iv 
 
guide social decision making, if a series of guidelines are followed. The Swartkops 
contingent valuation (CV) was conducted with these guidelines in mind. 
 
The results of the Swartkops CV indicate that the user population has a total 
willingness to pay (TWTP) of R68848 (median bid) and R203632 (mean bid) 
annually for the implementation of a project to improve the water quality in the 
Swartkops estuary. User population is an important determinant of the TWTP value. 
As a result, using a more broadly defined user population, TWTP per annum was 
calculated to be R3481987 (median bid) and R10298688 (mean bid).  
 
Management of natural resources should be informed by values that reflect efficient 
balances, so as to obtain the most efficient use of them (Trupie 2008). Polluted water 
inflows into South Africa’s estuaries are a threat to their biodiversity. Healthy 
estuarine ecosystems are essential for the maintenance of biodiversity and human 
well-being (Water Assessment Programme Report 2006: 15). As a result, this study 
recommends that a project be implemented by the Nelson Mandela Bay Municipality 
to improve water quality in the Swartkops estuary. 
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1 CHAPTER ONE: SOUTH AFRICA’S RISING ESTUARY CHALLENGES 
1.1 THE ROLE OF ESTUARIES 
 
South Africa’s coastline stretches for some 3000 km from the Gariep (Orange) River 
at the Namibian border in the west coast to Kosi Bay near the Mozambique border on 
the east coast (Department of Environmental Affairs and Tourism 2001). Around 300 
river outlets intersect this coastline. These range from small water bodies that are only 
occasionally connected to the ocean, to large, permanently open systems, and coastal 
lakes connected to the sea via narrow channels (Department of Environmental Affairs 
and Tourism 2001). Being places where rivers meet the sea, estuaries are important 
recreational attractions of the South African coastline (Department of Environmental 
Affairs and Tourism 2001). 
 
Situated at the interface between land and ocean, estuaries are semi-enclosed bodies 
of sea-freshwater measurably diluted by freshwater inflows into them (Hobbie 2000). 
The National Water Act (36 of 1998) defines an estuary as: “a partially or fully 
enclosed water body that is open to the sea permanently or periodically, and within 
which the seawater can be diluted, to an extent that is measurable, with freshwater 
drained from land”. Being partially enclosed they are not pure public goods in the 
sense that it is possible to exclude access. Estuaries are among the richest and most 
productive parts of the marine environment. They are characterised by high biotic 
diversity and high primary production. They yield large harvests of fish and shell fish 
and provide transportation routes and recreational opportunities for the human 
population and as such call for careful management (Department of Water Affairs 
1986; Hobbie 2000).  
 
1.2 RISING POPUALTION AND DEVELOPMENT CHALLENGES 
 
Estuaries have commercial, subsistence, recreational and ecological importance 
(Sisitka 2008), but their greatest importance is derived from their recreational 
attractions (Department of Environmental Affairs and Tourism 2001).  
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The ecological functions performed by estuaries include providing nursery areas for 
marine fish, conduits for species which move between ocean and rivers, and feeding 
and staging sites for significant populations of migratory birds. Estuaries also support 
a number of endemic species which depend on the estuaries for their survival (Turpie, 
Adams, Joubert, Harrison, Colloty, Maree, Whitfield, Wooldridge, Lamberth, 
Taljaard & Van Niekerk 2002). Therefore, it is of great concern when an estuary 
habitat becomes threatened.  
 
Recreational uses of estuaries include bait collection, bird watching, boating, fishing 
and swimming (Department of Environmental Affairs and Tourism 2001). As a result 
of their great aesthetic value, areas around estuaries are also often favoured for 
housing and tourism developments. Not only do estuaries enhance the quality of life 
for households, but they also provide numerous opportunities for jobs and income 
generation (Sisitka 2008). 
 
 
Population growth and development in and around estuaries, as well as the coastline 
in general, is placing increasing pressure on the health and functioning of these 
ecosystems (Department of Environmental Affairs and Tourism 2001). Of concern for 
human and ecosystem health are the occurrence, transport and fate of contaminants in 
the aquatic environment. The major problems are health-threatening microorganisms, 
numerous persistent and toxic metals and organic compounds (Oberholster & Ashton 
2008). Given the current and anticipated future growth rates of the South African 
population and expected trends in socio-economic development, South Africa’s water 
resources are unlikely to sustain current patterns of use and waste discharge. Even 
with zero population growth, pollutants will continue to accumulate in freshwater 
systems (Oberholster & Ashton 2008). Increasingly greater water pollution resulting 
from domestic, industrial and agricultural use affects the ecology of estuarine, river 
and lake systems (Department of Water affairs 1986). 
 
 If the carrying capacity of the natural system is exceeded, problems associated with 
water quality can become exacerbated with disastrous consequences. Insufficient 
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freshwater flows and excessive pollution into estuaries result in the partial loss of the 
environmental service flows supplied by them. The result of lost environmental 
service flows has adverse consequences, such as diminished residential and holiday 
recreational appeal, as well as lack of capacity to support subsistence livelihoods 
(Hosking, Du Preez, Sale 2009; Water Assessment Programme Report 2006). 
 
Of the six global threats to freshwater biodiversity five are relevant to South Africa, 
namely destruction or degradation of habitat, invasion by exotic species, flow 
modification, water pollution and climate change. Water pollution is a growing 
problem in South Africa, especially as water treatment infrastructure fails to cope 
with the increasing domestic and industrial effluent from towns and cities (CSIR 
2010).   
 
In addition to development pressures along the coastal zone, activities taking place in 
the catchment areas upstream of rivers that flow into estuaries also affect the health 
and functioning of these ecosystems (Department of Environmental Affairs and 
Tourism 2001). Runoffs from land enters streams and rivers, and eventually make 
way to estuaries, which act as sinks for materials, sediments, and nutrients derived 
from catchment areas (Department of Environmental Affairs and Tourism 2001). Poor 
agricultural practices in the catchment areas lead to increased nutrient and sediment 
loads in rivers and their estuaries (Department of Environmental Affairs and Tourism 
2001). Changes in river flow and natural flood events, through the construction of 
impoundments and water abstraction for irrigation, reduce the natural flushing of 
accumulated materials and sediments from these estuaries (Department of 
Environmental Affairs and Tourism 2001). 
 
A large number of South African rivers have been modified, mainly by weirs and 
dams, to increase their year ability to supply water for agriculture, industry, municipal 
use and domestic purposes (Bate, Smailes & Adams 2004). The return flow after use 
has contributed to reduction in water quality in these rivers, particularly from irrigated 
agricultural lands and sewage purification works. The latter have increased the total 
dissolved salts in many rivers (Bate, Smailes & Adams 2004). Rivers are mirrors of 
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the landscape, providing insights into, or reflecting the health of their catchments 
(Water Assessment Programme Report 2006). Whatever happens within a catchment 
will ultimately affect the river draining it. 
 
1.2.1 Reduced quantity of river water inflow 
 
As economies expand, the strain on the earth’s natural resources becomes increasingly 
apparent. Widely perceived as a “free” good, the demand for freshwater now outstrips 
supply over much of the earth’s surface (Trupie 2008). One of the most pertinent 
issues facing us today is that of freshwater scarcity.  
 
Increasing demand for water means that aquatic and other water-dependent 
ecosystems are threatened by the abstraction of the flows that are required to sustain 
them. In 2005, more than 95% of South Africa’s freshwater resources had already 
been allocated (CSIR 2010).  Demand for water in South Africa is increasing rapidly 
for irrigation, municipal and domestic use, forestry, industry, mining, power 
generation, and nature conservation (Trupie 2008). As demand for water in each of 
these sectors increases, the proportion of water available for the environment, 
especially the recharge necessary for maintaining the functionality of ecosystems of 
lakes and estuaries is compromised (International Development Research Centre 
2010).  
 
1.2.2 Reduced quality of river water inflow 
Economic growth is usually accompanied by industrialisation and urbanisation, which 
places pressure on water resources (CSIR 2010). Poor quality water disposed into 
rivers and estuaries has become a complementary problem. It not only limits its 
utilisation value but it also places an added economic burden on society through the 
primary treatment costs and the secondary impacts on the economy, e.g.  higher 
treatment costs, human health (loss in economic activity), and bacterial contamination 
or bioaccumulation of heavy metals in agricultural goods (CSIR 2010). 
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The quality of South Africa’s water resources have declined considerably due to 
increased pollution and exacerbated by South Africa’s outdated and inadequate water 
treatment and sewage treatment plant infrastructure and unskilled operators (CSIR 
2010). The majority of sewage emanating from South Africa’s urban areas is not 
treated properly prior to discharge (CSIR 2010).  
 
The re-usability of return flows depends on the user’s requirements and the 
affordability of the necessary treatment to meet these requirements (Roux, De Lange 
& Oelofse 2010). Shortages in capacity at these facilities to deal with increased 
demand requires costly upgrades of existing infrastructure, the building of new 
wastewater treatment facilities and/or improvement of technologies available to meet 
user’s requirements (Roux, De Lange & Oelofse 2010). The technologies and 
infrastructure used a decade ago, or less, to treat relatively good quality water are 
inadequate to cope with current demand (De Lange & Oelofse 2010). 
 
The ability of municipalities and other entities to install, manage and maintain new 
wastewater infrastructure has been constrained by large deficits in engineering and 
technical skills, inadequate capital and operating funds, and skewed compliance 
incentives (Development Bank of Southern Africa 2009). Incompetently operated 
treatment works, as well as those operating above their design capacity, result in 
wastewater discharges that pose health risks to downstream users. Not only do poorly 
operated treatment works pose health risks, but also damage the environment, and 
raise the cost of water treatment and environmental rehabilitation (Development Bank 
of Southern Africa 2009; DWAF 2008b).  
 
The way waste water management services are provided and maintained lie at the 
heart of the water pollution problem (DWAF 2001). Though the rehabilitation and 
expansion of waste treatment infrastructure is capital intensive, the release of 
inadequately or untreated wastewater into surface water resources will have negative 
effects on the environment and water users, and has to be addressed with urgency 
(Oelofse & Godfrey 2008).).  
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Pollution reduces the quality and therefore the economic value of water available 
(Roux, De Lange & Oelofse 2010). This reduction in water quality impacts on users 
abstracting water directly from the streams for irrigation and domestic use purposes 
and may even affect the value of property adjacent to polluted streams (Roux, De 
Lange & Oelofse 2010). The most noticeable impact in economic terms is on the costs 
incurred by municipal and private entities responsible for water purification for 
potable use (Roux, De Lange & Oelofse 2010). 
 
In the long run, there are numerous negative consequences of poor control of 
pollution, including health impacts on informal users, poor quality agricultural 
produce and increased costs associated with providing the public with potable water. 
These costs will ultimately have to be recovered from the end users (general public 
and industry) and will lead to a rise in living costs (Roux, De Lange & Oelofse 2010). 
 
1.2.3 The problem of optimal water allocation 
In recent decades, growing awareness of environmental issues and their relationship 
to the economy has seen the emergence of three main policy goals in natural resource 
management: efficiency, equity and sustainability (Turpie 2008). These can be 
interpreted as economic, social and ecological goals respectively, and are being 
embodied in changing national water policies in South Africa (Turpie 2008). 
However, economic, social and ecological goals are potentially conflicting and are not 
simple to pursue simultaneously.  
 
The goal of efficiency relates to maximizing economic returns to aquatic resources or 
attaining the greatest possible net benefit (Turpie 2008).  Social goals include meeting 
basic human needs for water and aquatic ecosystem goods and services. Social goals 
are also concerned with the optimal allocation of resources in terms of the equitable 
distribution of costs and benefits among members of society (Turpie 2008). 
Ecological goals include meeting national and international biodiversity conservation 
obligations, as well as ensuring an acceptable state of health of resources in the short 
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and long-term (Turpie 2008). As a result a number of trade-offs have to be considered 
in the allocation of water amongst different uses. 
 
1.2.4 Economic valuation of environmental resources  
Water resources are scarce and have to be allocated between the environment and a 
number of other competing uses (Turpie 2008). If the environment is not valued then 
all water resources will eventually be allocated to consumptive use (Turpie 2008). On 
the other hand, overprotection also has opportunity costs in the form of lost economic 
production and social welfare. An optimal balance needs to be found which 
maximizes socio-economic welfare (Turpie 2008). 
 
The market-based system of the South African economy has, to a large extent, failed 
to account for the value of the goods and services provided by the natural 
environment (Smit and Wiseman, 2001). When the true value of the natural resources 
is unknown, there is a risk that less financial resources and capacity are made 
available to manage and protect these natural resources than is efficient. When 
environmental goods and services are valued they are more likely to be taken into 
account in social decision making (Smit & Wiseman 2001). The key to getting 
environmental resources to be properly taken into account is to value them. 
 
With respect to the value of freshwater inflows into, extensive valuation has been 
done by Hosking, Wooldridge, Dimopoulos, Mlangeni, Lin, Sale and du Preez (2004), 
amongst others. 
 
1.3 AIM OF STUDY 
 The aim of this dissertation is to determine how much estuary user’s value can be 
gained by improving water quality into the Swartkops estuary to safe levels for 
swimming, fishing and boating.  
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The future health of South Africa’s estuaries is dependent on two main factors: their 
direct management and the quantity and quality of freshwater inputs (Turpie, Adams, 
Joubert, Harrison, Colloty, Maree, Whitfield, Wooldridge, Lamberth, Taljaard & Van 
Niekerk 2002). Freshwater starvation and pollution pose a serious threat to the 
functioning and structure of estuarine ecosystems, (Hosking, du Preez, Campbell, 
Wooldridge & Du Plessis 2002; World Water Assessment Programme Report 2006).  
 
There are many estuaries in the Eastern Cape (EC) whose recreational functionality 
have been and still are being compromised, e.g. the Kromme, Gamtoos, Bushmans, 
Kariega, Gqunube, Keiskamma and the Swartkops, to mention a few. This 
dissertation will estimate the recreational value so lost at one of these estuaries, the 
Swartkops. 
 
2 RESEARCH HYPOTHESIS 
The underlying research hypothesis examined in this dissertation is that improved 
freshwater quality flowing into the Swartkops estuary has a positive economic value, 
i.e. that the willingness to pay for improved freshwater quality inflow into the estuary 
is greater than zero 
 
3 METHODOLOGY  
The method by which this dissertation will value this lost value is by eliciting user’s 
willingness to pay for the implementation of a proposed project to improve water 
quality in the Swartkops estuary to safe levels for swimming, fishing and boating, a 
method known as the contingent valuation method. The contingent valuation method 
will be applied to elicit user’s willingness to pay for the implementation of a proposed 
project to improve water quality. Data for this application will be collected through a 
pre-coded contingent valuation method survey questionnaire and administered 
through face to face interviews at the selected site. Information for the literature study 
will be obtained through secondary sources, including internet sources, journals 
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articles, previous research reports, magazines, textbooks and other sources on the 
subject. 
 
The contingent valuation method (CVM) is a technique to establish the value of a 
good or service that is not bought or sold in an actual market (King & Mazzotta 
2000). The CVM is used to estimate economic values for all kinds of ecosystem and 
environmental services. It can be used to estimate both use  and non-use values (King 
& Mazzotta 2000). The CVM establishes the economic value of the good by asking 
the users of an environmental good to state their willingness to pay for a hypothetical 
scenario to prevent, or bring about certain changes in the current condition of the 
environmental good (King & Mazzotta 2000). The users’ WTP is aggregated to 
establish a total willingness to pay (TWTP) for the population of the users of the 
environmental good (King & Mazzotta 2000). 
 
The data collected from the CVM survey will be analysed using regression analysis 
for the selected estuary. Two statistical models will be used to generate predicted 
mean and median WTP values. These are the Ordinary least Squares (OLS) and Tobit 
models. The OLS and Tobit models have continuous dependent variables explaining 
the variation in respondents WTP (Mendenhall & Sincich 1996). The Tobit Model is 
commonly used in CVM studies to describe the relationship between WTP (the 
dependent variable) which is non-negative, and a vector of explanatory variables. The 
use of the ordinary least method (OLS) for this type of analysis leads to parameter 
estimates being biased and inconsistent, and incorporates negative predicted WTP 
values which is incorrect from a theoretical perspective (Mendenhall & Sincich 1996; 
Hill, Griffiths & Lim, 2008). 
 
4          ORGANISATION OF DISSERTATION 
The remainder of this dissertation is structured as follows. Chapter two introduces the 
Swartkops river system and provides a theoretical overview on the sources and uses 
made of the water in it. Chapter three outlines the CVM. Chapter four applies stage 
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one and two of the CVM. Chapter five applies stages three, four and five of the CVM. 
Chapter six will assess the credibility of the predicted results and Chapter seven will 
draw conclusions and make recommendations. 
 
5          CONCLUSION 
South Africa’s estuaries are important, but their functionality is being challenged. One 
of main challenges is the quality of water inflow, especially when inflow contains 
under treated sewage. Healthy estuarine ecosystems are essential for the maintenance 
of biodiversity (Water Assessment Programme Report 2006). It is therefore important 
that these natural resource be valued and be taken into account in social decision 
making. The main purpose of this study is to determine how much estuary user’s 
value improving water quality into the Swartkops estuary to safe levels for swimming, 
fishing and boating. The CVM was selected for this purpose. These values may then 
be used in decision-making with respect to management of the estuary, and if desired, 
included into cost benefit analyses. 
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2 CHAPTER TWO: THE SWARTKOPS RIVER SYSYTEM 
2.1 INTRODUCTION 
The Swartkops estuary is a popular destination for residents of the coastal city of Port 
Elizabeth. It is a valuable recreational and ecological asset (Binning & Baird 2001). 
The Swarkops estuary is ranked in the top fifty of South Africa’s estuaries in terms of 
its conservative importance (twelfth place) and is the highest ranked in the Eastern 
Cape (Hosking 2010). It was assessed as being in fair condition and ecologically 
viable despite urban developments and floodplain modification around it (Hosking 
2010). 
 
 
The Swartkops estuary was identified for this case study on the grounds that the 
problem of polluted water inflow is common in estuaries in urban settings. The 
Swartkops estuary represents a broad cross-section of estuaries found along the South 
African coastline surrounded by urban developments, where this type of problem is 
common. The estuary was also chosen as a result of its conservation importance in 
South Africa and specifically the EC, and the belief that this estuary is vulnerable to 
pollution as a result of its urban setting. The concern is what impact this is having on 
its ecological functions and its economic importance as a tourism and recreational 
destination. 
 
 
2.2      THE SWARTKOPS RIVER SYSTEM 
The Swartkops River and its main tributary (the Elands river) originate in the Great 
Winterhoek Mountains and meander for about 155 km through a wide flood plain 
through the industrial area of Uitenhage and the residential area of Despatch until it 
meets the sea at the suburb of Blue water Bay, in Port Elizabeth. It is one of many 
South –East facing rivers in the EC (Figure 2.1). 
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Mountains (Institute for Water Research 2004). The Brak and the Chatty Rivers 
originate in the plains to the north of Port Elizabeth and join the Swartkops River 
below the confluence of the Elands and the KwaZunga. The Swartkops catchment 
receives rain throughout the year, with a mean annual rainfall that varies between 
655mm to 750 mm. The monthly average rainfall is approximately 55mm/month, but 
it is inconsistent, with zero often recorded and highs often in excess of 200mm/month 
(Institute for Water Research 2004). 
 
The Swartkops River is approximately 134 km long with a catchment area of 1303 sq. 
km. Agriculture accounts for approximately 14% of the land-cover in the Swartkops 
catchment (Figure 2.3). It consists mainly of temporary commercial dry land 
agriculture, temporary commercial irrigated agriculture, commercial forestry, and 
improved grasslands (Department of Environmental Affairs and Tourism 2001). Less 
than 1% of the catchment is degraded bush land, while approximately 77% is natural 
(Figure 2.3); mostly shrub land and bush land with some wetlands present 
(Department of Environmental Affairs and Tourism 2001). Urban development 
accounts for approximately 9% of the catchment land-cover (Figure 2.3). The urban 
development is mostly for residential, commercial and industrial use and falls within 
the Nelson Mandela Bay Municipality (Department of Environmental Affairs and 
Tourism 2001).  
 
The upper catchment areas of both the Swartkops and the Elands Rivers fall under the 
jurisdiction of the Directorate of Forestry (Baird, Hanekom & Grinley 1986). Most of 
the middle and lower reaches of the Swartkops and Elands Rivers are bordered by 
privately owned land, where market gardening and cattle and dairy farming are 
carried out. In the districts of Uitenhage and Despatch there is considerable residential 
and industrial development, mainly associated with the wool and motor industries, 
and industries involved with extractive processes. This land is privately owned or 
leased from the Municipality (Baird, Hanekom & Grinley 1986). 
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2.3.2  Permanent residents 
The Swartkops estuary is highly accessible. Three bridges have been constructed over 
it; one being the bridge for road transport going towards Motherwell Township, 
another being a bridge for trains leaving Port Elizabeth for Uitenhage or Johannesburg 
and a third on the Grahamstown N2 freeway. There are four major residential areas 
located immediately adjacent to the estuary, namely Swartkops Village, 
Amsterdamhoek, Bluewater Bay and Redhouse. The townships of Kwazakele and 
Motherwell are located further from the estuary but have an indirect effect on the 
system through pollution. The population of residential areas within a 10km radius 
from the mouth of the estuary was estimated to be around 367 000 people (Davids 
2002). Residential areas within a 10km radius of the estuary mouth include Blue 
Water Bay, Wells Estate, Despatch, New Brighton, Kwazakhele and Zwide. There are 
also pockets of squatter settlements on the perimeter of Swartkops Village, giving 
temporary shelter to bait diggers around the estuary. 
 
2.3.3  Uses of the Swartkops estuary 
Estuaries are productive systems that provide valuable supplies of goods and services, 
varying from fisheries to recreational activities (Lamberth and Turpie 2003). The 
Swartkops River estuary is no different. Its use ranges from subsistence to 
recreational. The most common recreational activities in the Swartkops estuary are 
boating, angling, picnicking, bird watching, walking and jogging along the banks, 
enjoyment of aesthetics and the scenery and water based sports competitions and team 
building activities (Mlangeni 2007). Subsistence uses include bait collection, fishing 
and providing assistance to other users in return for money or food (Mlangeni 2007). 
 
Recreational use 
Fishing: Fishing is one of the most popular recreational activities taking place at the 
estuary. In a normal week day one would expect to find about 25 people fishing on 
the estuary banks along Strand Road, and 25 fishing in the river in their boats 
(Hosking et al. 2004). The Swartkops attracts fishers all year round, mainly targeting 
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the Spotted Grunter (Hook & Reel Angling Club 2010). The river is full of bait, and 
mud prawn that can be pumped on almost every bank (Hook & Reel Angling Club 
2010). 
 
Boating: There are at least five slipways from where boats can be launched into the 
estuary. According to Mlangeni (2007) in a normal weekend day 25 boats are likely to 
be seen on the estuary, 13 of which are for angling and the other 12 just riding around 
for fun. The leisure boat riders, unlike anglers, ride long distances around the estuary 
and often ride past the river mouth and straight out to sea. 
 
Viewing/proximity: There are various users who enjoy the view of the environment, 
on and around the estuary (Hosking et al. 2004). Families visit the banks of the 
estuary, especially weekends and holidays. People who live close to the estuary, tend 
to visit the estuary more often. Companies sometimes take their staff out there for 
functions, which include catching and braaiing fish (Hosking et al. 2004). 
 
Bird watching: Despite its urban setting and its adjacent saltpan, the estuary is one of 
the best places in the country to see less common estuarine waders and terns (Martin 
2002). It is an important bird area, with over 10 000 water birds in the summer and is 
a ‘must see’ birding venue in Port Elizabeth. From the public roads at Swartkops and 
Amsterdamhoek, parts of the estuary and the saltpans can be viewed. There are also 
boat slipways where birds may be viewed. During a low tide, on the mud banks in the 
lower estuary between Swartkops and Amsterdamhoek all the estuarine wader and 
tern species can usually be seen (Martin 2002). 
 
Swimming and Surfing: Swimming at the Swartkops river mouth is prohibited. 
However, further away from the mouth, parts of the river are often used for swimming 
where water levels allow this (Hosking et al. 2004). At the mouth of the Swartkops 
estuary there is a popular surfing and life saving club (Mlangeni 2007). 
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Subsistence uses 
Bait collectors: There are around 100 irregular bait collectors in the area, coming 
from nearby townships of KwaZakhele, Wells Estate or informal settlements around 
the estuary (Hosking et al. 2004). These bait diggers earn part of their living from 
digging bait and selling it to anglers. The bait collectors have been issued with 
renewable exemption permits by the Department of Environmental Affairs and 
Tourism (DEAT). About 50 bait collectors have these exemption permits and are 
issued with sponsored prawn pumps and identification vests (Mlangeni 2007). 
 
Fishing: Subsistence anglers are usually the same people digging and selling bait, and 
as a result, compete with numerous recreational anglers (Hosking et al. 2004). The 
same exemption permit that covers the bait collectors also covers subsistence 
fishermen. The subsistence fishermen are authorised to catch a maximum of 5 fish per 
day. These fish must conform to the legal size, and can only be caught for 
consumption purposes and cannot be sold (Mlangeni 2007). 
 
Commerce and industry use 
Within a 5 km radius around the estuary there are several industrial activities. These 
include the Fishwater Flats, Port Elizabeth's biggest water reclamation works, 
Algorax, which produces rubber fill used in the manufacture of tyres, Freight 
Dynamics truck depot, Spoornet's Swartkops Locomotive depot, Sasko, the bread and 
flour producer and a power station (Hosking e al. 2004). Further away from the 
estuary towards Deal Party, there are other industrial activities, such as SAPPI, a big 
consumer of recycled water (Hosking e al. 2004).   
 
In the Swartkops village there are other commercial enterprises that are dependent on 
the Swartkops estuary. These include grocery shops, bakery, hardware, garage, 
butchery and the shops which sell bait, rods, nets, and other fishing or bait digging 
equipment (Hosking e al. 2004).  On the Strand Road there are several clubs and 
businesses linked to the estuary, such as the Rod Club, Hook & Reel Angling Club, 
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boat registration offices, Bluewater Canoe Club, Fishing Net Repairs, Swartkops 
River Rides, and the Swartkops Yacht Club. The offices of the Directorate of Nature 
Conservation, Karoo sub-region are also on Strand Road overlooking the estuary. The 
Riverside Lodge offers accommodation to visitors coming to the estuary. On the Blue 
Water Bay side, there is a surfing club with a pub and restaurant (Hosking e al. 2004).   
 
2.3.4    Users of the water in the Swartkops River catchment  
 
     Water supply in the Nelson Mandela Bay Municipality area 
The majority of the Nelson Mandela Bay Municipal population resides within the area 
of Port Elizabeth (65%), KwaNobuhle (21%), Uitenhage (10%) and Dispatch (3%) 
(Institute for Water Research 2004). Almost all of its inhabitants depend on municipal 
water supplies for their water. The Municipality acquires most of its water from the 
Kouga (previously Paul Sauer), Mpofu (previously Charlie Malan), and Churchill 
dams, together accounting for over 97% of the storage capacity (Potgieter, Venter, 
Thomas, Seager, McGranahan & Kjellén 1999). The remainder is drawn from a small 
number of boreholes, used mainly for emergencies, and few permanent natural water 
sources (Potgieter et al. 1999). 
 
The water supply in the Algoa area (Port Elizabeth and surrounding areas) is drawn 
from four distinct catchments namely the Krom River catchment, on which two large 
dams are situated (Churchill Dam and Imopfu Dam), the Kouga and Gamtoos River 
catchments, in which the large Kouga and the small Leorie Dam are located, the 
Swartkops River catchment in which several small dams are situated, and the Sundays 
River catchment into which large volumes of water are transferred from the Orange 
River system (Mallory & Pashkin 2008). Approximately 225 mega litres of water is 
sourced from rivers in the region (Crowley 2003). 
 
 Situated on the Swartkops River is the Groendal dam. It is the largest impoundment 
on the Swartkops River. It supplies the residential and industrial areas of Uitenhage 
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with water and regulates the flow of freshwater into the Swartkops estuary 
(Emmerson, 1985). This water source supplies approximately 63% of the water 
requirements of Uitenhage, approximately 12 000 m3 per day (Institute for Water 
Research 2004). 
 
The majority of centres of economic and social development in South Africa are 
situated in areas where water is not naturally found in abundance (Muller 2002). 
Accordingly, an extensive system of inter-basin water transfer schemes has been 
developed, whereby water is transferred from areas of relative abundance to areas 
where water is relatively scarce (Table 2.1; Muller 2002). The Fish to Tsitsikamma 
Water Management Area (WMA), which includes the NMMB, is one such area. The 
Orange-Fish-Sundays water transfer scheme transfers water from the Gariep Dam to 
the Great Fish river valley and then to the Sundays River valley to supplement local 
water supply for irrigation and urban use. Some water is also transferred to the Nelson 
Mandela Metropolitan Bay Municipality (NMBM) via this system (DWAF, 2006). 
 
Urban demand for water 
Within a national context agriculture is the biggest user of water, but within the Algoa 
Bay water transfer system, residential and industrial uses dominate (Table 2.1). The 
NMBM is the economic hub of the EC (Department of Economic Development and 
Environmental Affairs 2009). The main economic activities are the automotive 
industry and agriculture. The Algoa Water Supply System supplies water to about 1.5 
million people, large irrigation developments and a large number of industries, as well 
as the Coega Industrial Development Zone (IDZ) (Department of Economic 
Development and Environmental affairs 2009). 
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Table 2.1: Total volume of water used from the Algoa System in 2007  
Sector Usage (Million m³)
Residential and Industry  96.6
Irrigation  50.4
Ecological Requirements  2
Water Loss  8.4
TOTAL  157.4
Source: Department of Economic Development and Environmental Affairs (2009) 
 
Farming 
Irrigation occurs in the upper Elands sub-catchment, including the Sand and Bulk 
Rivers. Farmers in this area rely, to a large extent, on ground water because there is 
little irrigation from the Elands River. Intensive irrigation is practiced in the 
Kruisriver area (Institute for Water Research 2004). The upper catchment of the 
KwaZunga is farmed, but is fairly remote and inaccessible due to the rugged nature of 
the terrain. The middle reaches of the KwaZunga are subject to irrigation farming and 
receives water from the Groendal Dam (Institute for Water Research 2004). 
 
Forestry  
Forestry was started in the Elandsberg in 1918. The area under commercial and 
natural forest in the Swartkops Catchment it relatively small comprising about 4.23% 
of the total catchment area (Institute for Water Research 2004). The National Water 
Act (36 of 1998) declared plantation forestry a stream-flow reduction activity. Man 
made forests abstract water that would otherwise have been available for runoff into 
rivers (Department of Economic Development and Environmental Affairs 2009). 
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Alien Invasive plants 
Alien invasive plants, introduced by humans accidentally, or for commercial 
purposes, are proving to be a major threat to the quality and quantity water, as well as 
the biodiversity of freshwater systems (Department of Economic Development and 
Environmental affairs 2009). In addition to demanding more water than indigenous 
plants, alien vegetation can change the entire biological character of estuaries by 
invading large areas and suppressing natural vegetation (Department of Water Affairs 
and Forestry 2009).  
 
Conservation 
The central section of the Swartkops catchment consists of the unspoiled Groendal 
Wilderness Area (Institute for Water Research 2004). The Swartkops Nature Reserve 
is located on the northern bank of the Swartkops River to protect the valley bushveld 
and extends between Perseverance and the Motherwell canal. This area forms a buffer 
zone between the urban area and the river (Institute for Water Research 2004). 
 
2.3.5    Water quality 
The water quality of the Swartkops River is critically impacted by several 
anthropogenic sources (Bate, Smailes & Adams 2004), including agriculture, a wool 
processing factory, three sewerage treatment works, storm water runoff from informal 
settlements and discharges from light industries, such as leather tanning (Bate, 
Smailes & Adams 2004). 
 
Due to the absence of human settlement in the upper catchment of the KwaZunga the 
water quality of the Swartkops River is good, with low levels of pollutants and 
sediments (Institute for Water Research 2004). As the river passes the urban area 
below the confluence of the Elands and KwaZunga the water quality deteriorates for a 
range of reasons. These include:  
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(1) Increasing but fluctuating coliform bacterial counts due to urban return flows, 
notably from inadequate sanitation provision.  
(2) Increasing variety of salts and other mineral contents, due to the natural condition 
of the groundwater from the primary aquifer in the lower part of the catchment below 
Uitenhage. 
 (3) Increasing nutrient and other content due to agricultural and industrial (arsenic) 
return flows.   
(4) Increasing sediment loads due to in-channel sand mining and aforestation 
(Institute for Water Research 2004). 
 
Uncontaminated return flows are vital to limit the effects of rising salinity and 
nutrient levels for agriculture and industrial users (Development Bank of Southern 
Africa, 2009). The poor quality of discharged municipal effluent increases 
eutrophication and bacterial contamination of water resources, including ground water 
(Eales 2009). Waterborne diseases can also spread as a result of bacterial 
contamination from poorly treated sewage. 
 
The Swartkops estuary receives residential, recreational and industrial pollution to 
varying degrees due to its closeness to the towns of Port Elizebeth and Uitenhage. 
Much of the area around the estuary is used for industrial purposes, which include the 
Swartkops Power Station, the Algorax carbon factory and the South African Transport 
Services yards. Sewage and industrial effluent are not directly discharged into the 
estuary, but input above the tidal limit of the river in the form of sewage outfalls, 
wool washing factory discharge near Uitenhage and a tannery discharge at 
Perseverance (Hilmer & Bate 1987). 
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    2.4 CONCLUSION 
The Swartkops estuary is an extensive ecosystem and a potentially valuable 
recreational and ecological asset, but its value is being undermined by the effects and 
influences of rapidly expanding urban and industrial developments surrounding it. 
Management of the demands linked to this development are required. This 
management should be informed by values that reflect efficient balances, so as to 
obtain the most efficient use of resources (Trupie 2008).  
 
The values of ecosystem goods and services have mostly been ignored in social 
decision making, to the detriment of these resources. As a result, also ignored has 
been their functioning and the well being of the people who are dependent on them 
(Trupie 2008). The values of these services need to be established and incorporated 
into management decision making.  
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3 CHAPTER THREE: THE CONTINGENT VALUATION METHODOLOGY  
3.1 INTRODUCTION 
The market-based system of the South African economy has, to a large extent, failed 
to account for the value of the natural environment (Smit and Wiseman, 2001). As a 
result, the integrity of surrounding ecosystem (environment) has been severely 
damaged. Ozone depletion, global warming, acid rain and other hazardous pollutants, 
extinction of species, etc., have resulted from the negative impacts of human activities 
on the natural environment in general (Social Research Methods 1993). 
 
 Several ecological and environmental economic philosophies have subsequently 
emerged to assist in decision making about resources management, especially 
alternative ways of valuing natural resources. Among them is the CVM (Social 
Research Methods 1993). The CVM is a highly appropriate method for valuing non-
marketed goods and in particular environmental goods/resources (Holvad 1999). The 
CVM has evolved into an acceptable method to quantify the benefits of non-marketed 
environmental goods and attributes so that they can be entered directly into cost-
benefit calculations (Bateman & Willis 1999; NOAA 1993). 
 
The CVM is a survey based stated preference method for estimating the value that a 
person places on a good (World Bank Institute 2002). In the survey people are 
directly asked what they are WTP for the good, or willing to accept (WTA) to give it 
up, through the use of surveys, questionnaires, and interviews (NOAA Coastal 
Services Center 2001). When applying the CVM, the administrator constructs a 
scenario or hypothetical market involving an improvement or decline in a goods 
quality. The scenario is presented to a random sample of the population to estimate 
their WTP for the improvement, or their WTA monetary compensation for the decline 
in the goods quality (NOAA Coastal Services Center 2001). WTP elicitation may take 
one of the following forms:  
- A simple open-ended question,  
- A bidding process,  
27 
 
- A take-it-or-leave-it proposition (NOAA Coastal Services Center 2001).  
 
Based on survey responses, mean and median WTP may be predicted for an 
environmental improvement or WTA compensation for a decline in the goods quality 
(World Bank Institute 2002). The WTP approach is suitable where respondents do not 
have rights to the good in question and must buy it. The WTA approach is suitable 
where respondents hold property rights to the good in question and the right to change 
current conditions must be bought from them. In many cases either approach can be 
applied (Hosking e al. 2004).   
 
In a world of unlimited resources, where environments are pure public goods, it 
would be unnecessary to have methods of determining the allocation of resources 
amongst competing alternative uses. However, where resources are limited, it is 
necessary to assess the benefit of protecting and enhancing environmental resources 
by comparing the opportunity cost and benefits forgone in alternative uses (Bateman 
& Willis 1999).  
 
3.2 WHAT THE CVM PERMITS  
The CVM is a simple and flexible non-market valuation method. It permits the:  
(i) Direct estimation of WTP (Holvad 1999). 
 
(ii) Valuation of non-use values. CVM values will reflect total value rather than 
use value only. In this way it is possible to obtain a comprehensive measure 
for the value associated with a specific environmental good. 
 
 
(iii) Valuation of a good ex-ante. The focus on ex-ante valuation provides a useful 
input to decision making processes where concern is about a potential policy 
change. These values should be compared to techniques where the values are 
derived on an ex-post basis (revealed preference).  
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(iv) Valuation of environmental goods which cannot be assessed through indirect 
valuation methods. The experimental approach allows for valuation of a 
variety of different environmental goods. It is widely used in cost-benefit 
analysis and environmental impact assessment. 
 
The CVM is particularly suited to value commodities that are not exchanged in 
regular markets because it creates a (substitute) hypothetical marketplace (World 
Bank Institute 2002). The commodities most often valued using this technique are 
public goods, such as improvements in air and water quality, and private non-market 
goods, such as reductions in risk of death (World Bank Institute 2002). The CVM has 
proved particularly useful when implemented alone or jointly with other valuation 
techniques for non-market goods, such as the Travel Cost Method and the Hedonic 
approach. The CVM is the only method that can include existence or non-use values 
(Food and Agriculture Organization of the United Nations 2000; World Bank Institute 
2002). Despite the advantages to using the CVM to value changes in quality of 
environmental goods/resources, controversy remains over the credibility of its results 
(Bateman & Willis 1999; NOAA 1993). 
 
3.3 STAGES OF APPLYING THE CVM 
The NOAA panel CVM guidelines stipulate the procedure to follow in the design and 
application of the CVM method. Bateman and Turner (1993) identify six distinct 
phases involved in the practical application of CVM. 
 
STAGE ONE: QUESTIONAIRE DESIGN 
Set up the hypothetical market 
The first step is to set up a hypothetical market. This market must be clearly defined 
on the questionnaire used to elicit users’ WTP responses. To elicit WTP in a 
questionnaire requires a description of the commodity to be valued, the 
quantity/quality change in provision of the good, who will pay for the good, who will 
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use the good, the mechanism by which the good will be provided and the method of 
payment (World Bank Institute 2002).  
 
It is crucial that the commodity to be valued, be described in a scenario that is 
meaningful to the respondent.  Goods that are unfamiliar to respondents are inherently 
more difficult to describe than more familiar goods. Irrespective of the familiarity of 
the commodity, it is important that the respondent understand the commodity as the 
researcher intends it (World Bank Institute 2002). For example, if the researcher 
wishes the respondent to value an improvement in water quality in a single lake, it is 
important that respondent not value improvements in water quality in all lakes in a 
region, or clean water in general. It is also important that the scenario be plausible 
(Bateman & Turner 1993; World Bank Institute 2002). One essential dimension of the 
scenario design is describing the availability of substitutes for the commodity valued. 
These substitutes should be clearly identified to respondents in the course of the 
survey (World Bank Institute 2002). The World Bank Institute (2002) warns that 
failure to communicate a realistic scenario to the respondent will potentially result in 
the respondent not taking the scenario seriously or replacing it with something of his 
own invention, either of which may bias WTP. 
 
 Define the payment vehicle 
How the good will be provided and how the respondent will pay for it must also be 
described. An appropriate payment vehicle, e.g. higher taxes, entrance fees or 
donation to a charitable trust, must be chosen, which is realistic, relevant and 
acceptable to respondents (Akoto 2009). The payment vehicle is the means by which 
the respondent will pay for the good (Arrow et al. 1993). 
 
Define the elicitation method 
Part of questionnaire design process includes defining the elicitation method. For a 
public good, it is common to frame the survey as a referendum. The respondent is 
asked whether he would vote in favour of a proposition on the ballot, that if approved 
30 
 
by the majority of voters, would be provided as a public good at cost specified to the 
respondents households (World Bank Institute 2002).  
 
A CV study seeks to find the average WTP for a specific environmental improvement 
(Arrow, Leamer, Portney, Radner, Solow, & Schuman 1993). According to Arrow et 
al. (1993) changes in wording or context will affect results (respondents WTP). For 
example, a question about "forbidding" a particular action tends to elicit less 
agreement than a question about "not allowing" the same action, although the two 
questions are logically equivalent (Arrow et al. 1993). Many attitude objects are too 
complex to be summarized by a single survey question (Arrow et al. 1993). Much 
depends on how questions are worded, and there is often insufficient social consensus 
about precise meaning, nor external reference to facilitate such consensus (Arrow et 
al. 1993). 
 
As a result, a lot of CV studies risk many of the response effects and other wording 
difficulties that turn up regularly in attitude surveys (Arrow et al. 1993). Reducing 
these effects pose a major challenge to anyone wishing to elicit reliable CV estimates.  
The simplest way to approach the problem is to consider a CV survey as essentially a 
self-contained referendum in which respondents vote on whether to tax themselves or 
not for a particular purpose (Arrow et al. 1993).  
 
Arrow et al. (1993) are of the opinion that other stylised formats, such as open-ended 
questions, are unlikely to provide reliable valuations. Examples of such formats are: 
"What is the smallest sum that would compensate you for environmental damage X?" 
or, "What is the largest amount you would be willing to pay to avoid (or repair) 
environmental damage X?"  The reasons for their conclusion are firstly; the scenarios 
lack realism, since respondents are rarely asked or required in the course of their 
everyday lives to place a monetary value on a particular public good. The responses to 
such questions are likely to be unjustifiably sensitive to insignificant characteristics of 
the scenario presented (Arrow et al. 1993). Secondly, an open-ended request for WTP 
or WTA compensation invites strategic overstatement (Arrow et al. 1993). The more 
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seriously the respondent takes the question the more likely that he or she will see that 
reporting a large response is a costless way to make a point. On these grounds it was 
argued that open-ended questions will be both erratic and biased (Arrow et al. 1993). 
 
The NOAA panel argued that the valuation question be put in referendum format 
because of its ability to produce more reliably conservative estimates of WTP (Arrow 
et al. 1993).  Other advantages of referendum format include its realism. Referenda on 
the provision of public goods are not uncommon in real life. Secondly, there is no 
strategic reason for the respondent to do other than answer truthfully (Arrow et al. 
1993). The referendum format offers one further advantage for CVM. As mentioned 
earlier, external validation of elicited lost passive use values is usually impossible. 
However, real life referenda exist with defined payment mechanisms, e.g. an increase 
in property taxes. Some of them are decisions to purchase specific public goods. The 
analogy with WTP for avoidance or repair of environmental damage is far from 
perfect, but close enough that the ability of CV like studies to predict the outcomes of 
real world referenda would be useful evidence on the validity of the CV method in 
general (Arrow et al. 1993). 
 
There are, however, several reasons why one’s response to a hypothetical referendum 
question might be the opposite of one’s actual vote on a real ballot. For example, a 
respondent maybe unwilling to pay a certain amount in reality, but might feel pressure 
to give the “right” or “good” answer when responding to an in-person or telephone 
interview. This could happen if the respondent believes that the interviewer would 
herself favour a yes answer (Arrow et al. 1993). Since real referenda are exposed to 
most of the response effects that occur with attitude surveys, it is ill-judged to claim 
they can be eliminated completely in a CV study (Arrow et al. 1993). This 
consideration suggests that a CV instrument should include questions designed to 
detect the presence of these sources of bias. 
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Other options for payment elicitation are: 
- Open ended. "How much are you willing to pay?” This approach produces a 
continuous bid variable and may therefore be analysed using least squares approaches 
(OLS).  
 
- Take-it-or-leave it (dichotomous choice). "Are you willing to pay RX", the amount 
X being systematically stepped across the sample to test individuals' responses to 
different bid levels. This approach produces a discrete bid variable and requires logit-
type analysis.  
 
- A variant upon the dichotomous approach is to add to the initial question with an 
iterative second round (double-bound) question. For example, if the respondent 
answers yes to the RX bid then they are asked if they are WTP R2.X (or R0.5.X if 
they answered no to the initial question).  
 
- Other elicitation methods include the use of payment cards and bidding games with 
suggested starting points (Bateman & Turner 1993). 
 
The method used to elicit preferences can induce biases in the stated values (Holvad 
1999). For example, the iterative bidding games can involve a so called starting point 
bias, due to the choice of a specific starting value for the WTP’s. On the other hand 
the open-ended format can result in a large number of zero values along with very 
large values. For this reason, the selection of the format for eliciting preferences is 
important in order to minimise the presence of biases (Holvad 1999). 
 
Time dimensions of Passive use losses 
CVM surveys have to be designed cautiously to allow respondents to differentiate 
between interim (temporary) from steady state passive-use loss, and if there is interim 
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passive use loss, to report its present value correctly (Arrow et al. 1993). In this 
situation respondents have to do a very difficult present value calculation to determine 
their current WTP for the difference between the fully restored state of the resource 
and the actual state as the level of restoration varies over time (Arrow et al. 1993). 
Where a resource has both interim and steady state passive use values, a valuation 
question that does not differentiate between interim and steady state passive use 
values, would predict the wrong estimate of the resources value from the respondents 
WTP (Arrow et al. 1993; Wasswa 2007). 
  
For this reason, and based on the assumption that after a certain period of that full 
restoration is plausible, respondents should be asked for only their WTP to eliminate 
the difference between partially restored level of resource and the pristine state 
(Arrow et al. 1993). Arrow et al. (1993) recommended that sufficient time must pass 
after the event so that respondents regard the scenario of full restoration probable. A 
technical expert would estimate how the state of the resource will vary from year to 
year as the restoration takes place, specifying what welfare level is being valued, 
rather than leaving this to the respondents (Arrow et al. 1993; Wasswa 2007). The 
survey instrument should make evident that in revealing values respondents are 
sensitive to the timing of restoration process (Arrow et al. 1993). 
 
Another issue to consider in the time consideration of the CVM survey is the concern 
of WTP collected over time. Arrow et al. (1993) recommend that time dependent 
measurement noise should be reduced by averaging WTP responses across 
independently drawn samples over time. A time trend in the responses would cast 
doubt on the reliability of the results (Arrow et al. 1993).  
 
NOAA general guidelines for questionnaire design 
The panel recommends a conservative design that increases the reliability of the 
estimate by eliminating extreme responses that can enlarge estimated values wildly 
and implausibly (Arrow et al. 1993). For this reason, the panel recommends the WTP 
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format be used instead of the compensation required (WTA) because the former is the 
conservative choice.  
 
The panel also believed face to face interviews were preferable because they are 
likely to be more reliable than estimates of values elicited with mail surveys. The 
panel also recommended that sufficient information be provided to respondents about 
the environmental program that is offered, and that it be defined in a way that is 
relevant to damage assessment.  
 
The panel proposed that a "no-answer" option should be explicitly allowed in addition 
to the "yes" and "no" vote options on the main valuation question, and that 
respondents who choose the "no-answer" option be asked to explain their choice. The 
survey should include a variety of other questions that help to interpret the responses 
to the primary valuation question. These questions should capture characteristics like 
income, education level and age, to mention a few.  
 
Respondents in a CV survey are usually presented with a lot of new and technical 
information, beyond what is typical in most surveys. The information presented 
requires very careful pilot work and pretesting, plus evidence from the final survey 
that respondents understood and accepted the main description and questioning 
reasonably well (Arrow et al. 1993). The panel proposed that the above guidelines be 
satisfied without making the instrument so complex that it poses tasks that are beyond 
the ability or interest level of the participants. 
 
 STAGE TWO: SAMPLE DESIGN 
The panel recommended that all CV studies should clearly indicate the definition of 
the population sampled, sampling frame used, the sample size, the overall sample 
non-response rate, as well as its components e.g. refusals, and item non-response on 
all important questions (Arrow et al. 1993).   
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Sample size and type 
Determining an appropriate sample is one of the most important aspects of any 
empirical analysis. Too small a sample size undermines the power of the statistical 
tests of significance (Hair, Anderson, Tatham & Black 1998). An acceptable sample 
must be representative of the entire target population (Hosking et al. 2004). The 
relevant sample population should be established with the help of focus groups and 
the technique used in sampling from this population should be based on sound 
statistical principles (Wasswa 2007). According to the NOAA panel, random 
sampling is extremely important for a survey used for damage assessment, but 
achieving this is very difficult in practice. 
 
The common goal of survey research is to collect data representative of a population. 
The researcher uses information gathered from the survey to generalize findings from 
a drawn sample back to a population, within the limits of random error (Bartlett, 
Kotrlik & Higgins 2001). Inadequate and inappropriate sample size influences the 
accuracy and quality of research (Chadwick 2001). 
 
To determine an appropriate sample size three criteria usually will need to be 
specified: the level of precision, the level of confidence or risk, and the degree of 
variability in the attributes being measured (Israel 1992). 
 
- The level of precision, also called sampling error, is the range in which the true 
value of the population is to be estimated. This range is often expressed in 
percentage point’s e.g.  ±5 percent. 
 
- The confidence or risk level is based on ideas encompassed under the Central 
Limit Theorem. The main idea encompassed in the Central Limit Theorem is that 
when a population is repeatedly sampled, the average value of the attribute 
obtained by those samples is equal to the true population value, and that the values 
obtained by these samples are distributed normally about the true value. In a 
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normal distribution, approximately 95% of the samples values are within two 
standard deviations of the true population value, e.g. mean. Therefore, if a 95% 
confidence level is selected, 95 out of 100 samples will have the true population 
value within the range of precision. 
 
- The degree of variability in the attributes being measured refers to the distribution 
of attributes in the population. The more dissimilar a population, the larger the 
sample size required to obtain a given level of precision. On the other hand the 
more similar a population, the smaller the sample size. A proportion of 50% 
indicates a greater level of variability than either 20% or 80%. This is because 
20% and 80% indicate that a large majority do not or do, respectively, have the 
attribute of interest. A proportion of .5 indicates the maximum variability in a 
population, as a result is often used in determining a more conservative sample 
size. 
 
There are different approaches in determining the appropriate sample size. These 
include using a census for small populations, imitating a sample size of similar 
studies, using published tables, and applying formulas to calculate a sample size. 
Using a census approach involves using the entire population as the sample. Another 
approach is to use the same sample size of studies similar to the one you plan.  A third 
way to determine sample size is to rely on published tables which provide the sample 
size for a given set of criteria. The fourth approach is the use of formulas to determine 
sample size. 
 
 For populations that are large, Cochran (1963) developed a formula (equation 3.1) to 
yield a representative sample for proportions.  
  
Equation 3.1:           n0=   Z 2 pq / (e) 2..................................................................... (3.1)                        
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In this formula n0 is the sample size, Z 2 is the abscissa of the normal curve that cuts 
off an area at the tails, e is the desired level of precision, p is the estimated proportion 
of an attribute that is present in the population, and q is 1-p. The value for Z is found 
in statistical tables which contain the area under the normal curve. With a 95% and 
99% confidence levels the values for Z are 1.96 and 2.576 respectively. 
 
If the population size known, the sample size (n0) can be adjusted using equation 3.2 
(Israel 1992). 
 
Equation 3.2:           n=   n0 / (1 + (n0 – 1)) / N......................................................... (3.2) 
 
In this formula n is the sample size and N is the population size. 
 
STAGE THREE: ADMINISTRATION OF SURVEY 
Responses to a CV questionnaire can be obtained through either on-site face to face 
interviews, or by mail or telephone. The approach chosen can influence the quality of 
information gathered and therefore have a significant impact on the WTP or WTA 
value estimates (Bateman & Turner 1993). Face to face surveys are the most 
expensive to conduct, but they provide the most effective method of data collection 
(Hosking et al. 2004). 
 
At this stage respondents are asked to state their maximum WTP for the 
implementation of the hypothetical scenario. The WTP question aims to elicit the 
maximum amount the good is worth to the respondent (Wattage 2001).  From this the 
consumer surplus for the good being valued and a sample average respondent WTP 
for the good can be deduced (Hosking et al. 2004). Additional questions are also 
asked of the respondent in order to explain the WTP bids of respondents (Hosking et 
al. 2004).  
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Before asking the individual what he or she would pay for the commodity valued, he 
or she should be reminded that his or her expenditures on other goods must be 
reduced by this amount. In other words, he or she should be reminded of their budget 
constraint. It is important to include follow up questions that determine whether a 
respondent who says he will pay nothing for a good is stating his true valuation or 
making a protest bid. Anomalies in answers given by the respondents can also 
sometimes be found by using follow-up questions. These questions are especially 
useful where there is some form of protest about WTP/WTA for the good in question 
(Arrow et al 1993).  
 
Protest bids are refusals to answer a valuation question, or zero bids when the WTP is 
actually greater than zero (protest zeros). A similar problem may occur with 
unrealistically high bids. The former should not be confused with the respondents 
who state a considered zero valuation for the good in question. A high proportion of 
protest votes may well signify a structural weakness in a study (Bateman & Turner 
1993). 
 
 A respondent may say that he will pay nothing for a good that he, in fact, values, if he 
believes that he should not have to pay for it or otherwise disagrees with the scenario 
presented in the survey (Bateman & Turner 1993). Some reasons for answering zero 
are considered protest votes rather than genuine zero WTP bids and should be 
excluded from the WTP estimation process. 
 
STAGE FOUR: ESTIMATION OF WTP 
In order to investigate the determinants of WTP, a bid function is estimated. The bid 
function is estimated in two steps. Firstly, the complete model is estimated, in which 
all the relevant models variables for which data has been collected are included in the 
predictive bid function (Bateman et al. 2002). Secondly, another model is estimated in 
which only variables with significant coefficients are included, following an analysis 
of significance of the coefficients in the complete model.  
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Ordinarily in WTP scenarios, the bid function will relate bids (WTP) to visits (Q), 
income (Y), social factors such as education (S), and other explanatory variables (X). 
A parameter of the environmental quality of the site (E) may also be included 
(equation 3.3). 
 
Equation 3.3:           WTP = f (Q, Y, S, X, E) ........................................................ (3.3) 
 
There is no theoretically correct form of this function (Bateman and Turner 1993). If a 
log-log function is chosen, the coefficients are elasticity’s. In such a case the bid 
curve allows the estimation of changes in mean WTP arising from changes in E. If the 
other relationships are sufficiently stable, this curve can be used to evaluate changes 
to other strongly related environmental goods, e.g. impacts of water quality change 
upon wetland quality (Bateman & Turner 1993). The main purposes of estimating bid 
functions is to check if responses statistically correspond with what would be 
expected and to generate a valid predictive WTP model  (Hosking et al. 2004). 
Multivariate analysis with OLS and Tobit model are commonly used with the sample 
data collected on this type of study, to generate a predictive model to describe users 
WTP.  
 
When a substantial number of observations have dependent variable values taking the 
limit value of zero, the least squares technique (OLS) is biased and inconsistent  (least 
squares fails) (Hill, Griffiths, Lim 2008). The Tobit model is more suitable for this 
kind of data. In this model the range of the dependent variable is restricted at a 
selected particular value (usually zero) (Maddala 2001). The restriction is to ensure 
non-negative values for WTP estimation (Hosking et al. 2004). 
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MODEL CONSIDERATIONS 
 Model assumptions 
Linear regression is one of the most broadly used statistical techniques for solving 
environmental problems (Kreiberg 2010). The technique is also useful among other 
applications, in helping explain observations of a dependent variable (usually denoted 
Y) with observed values of one or more independent variables (usually denoted X). A 
key feature of all regression models is the error term, which is included to capture 
sources of variation that are not captured by other variables (Kreiberg 2010).  These 
models are only appropriate under certain assumptions. There are six critical 
assumptions relating to classical linear regression models (CLRM) (Kreiberg 2010). 
 
 
To use CLRM estimates, the following basic assumptions must hold: 
 
1. The errors have zero mean. The mean of the distribution from which the error 
is drawn is zero. A violation of this assumption introduces bias in the intercept 
of the regression equation.  
 
2. The variance of the errors is constant and finite over all values of X. A 
violation introduces the heteroskedasticity problem – when the error terms do 
not all have the same variance.  As a result, standard errors will be biased. In 
that case the t-test becomes invalid. 
 
3. The errors are statistically independent of one another. A violation of this 
assumption leads to autocorrelated errors – when error terms are correlated 
with one another. This is often the case in time-series data. 
 
4. The assumption that the independent variables are linearly independent. The 
failure of this assumption is known as multicollinearity. The multicollinearity 
problem reveals itself through low t-statistics and high p-values.  
 
5. There is no relationship between the error terms and the corresponding 
independent variables. 
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6. Error term is normally distributed. 
 
 
 
Violations of one or more of these assumptions can lead the model to encounter any 
combination of the following three problems: (1) the coefficient estimates are biased, 
meaning that E (β) ≠ β. (2) The associated standard errors are biased. As a 
consequence, hypothesis testing becomes invalid. (3) The distribution that is assumed 
for the test statistics is inappropriate (Kreiberg 2010). To ensure that estimated results 
generated from these models are reliable, it is important that these assumptions are 
met. Serious violations must be detected and corrected (Akoto 2009). The two most 
common violations of these assumptions are heteroskedasticity and multicollinearity. 
 
 
 MODEL ESTIMATION 
For the purpose of fitting bid functions to the survey data gathered, two statistical 
models are estimated, the OLS and Tobit Models. Tobit analysis assumes that the 
dependant variable has a number of its values clustered at a limiting value, usually 
zero (McDonald & Moffitt 1980). The Tobit technique uses all observations, both 
those at the limit and those above it, to estimate a regression line. In general it is 
preferred over alternative techniques that estimate a line only with the observations 
above the limit. The Tobit model is routinely used when the values of the observed 
dependent variable are exclusively non-negative and are clustered at zero (McDonald 
& Moffitt 1980). 
 
   
A decision is required on which variables and what functional form the predictive 
equation should take. This process involves fitting a complete model containing all 
the independent variables expected to have an influence on the dependent variable 
(WTP), and then excluding the insignificant variables (Mendenhall & Sincich 1996).  
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A predictive model should be parsimonious in that it should include only key 
variables (called core variables) suggested by theory and should relegate minor 
influences (called peripheral variables) to the error term (Gujarati & Porter 2010). 
One method for assessing whether a variable or group of variables should be included 
in an equation is to perform significance tests (Hill, Griffiths, Lim 2008).  
 
The backwards stepwise regression approach is used to identify which explanatory 
variables are significant in the regression model. It begins with an examination of the 
combined effect of all the independent variables on the dependent variable (complete 
model). One at a time the insignificant independent variables (starting with the 
weakest predictor) are eliminated. The procedure is continued until all remaining 
variables are statistically significant (reduced model) (Cohen & Cohen 1975; Gujarati 
2003).  
 
To test the significance of each variable, the null hypothesis is used that its coefficient 
is equal to zero. Where the p-value of the variable is less than, or equal to the level of 
significance, the null hypothesis is rejected. The p-value is used to determine whether 
to reject or fail to reject the null hypothesis (Hill, Griffiths, Lim 2008). 
 
In order to determine whether the exclusion of insignificant variables improved the fit 
of the data or not, the complete and reduced OLS models are compared using the F-
test of significance (equation 3.4). The hypotheses tested are:  
 
Ho: The omitted variables from the reduced model are insignificant 
H1: At least one variable omitted from the reduced model is significant 
 
Equation 3.4:           Reduced Complete
Complete
/SSE SSE k g
F
MSE
    ............................................... (3.4)                         
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The rejection region for the null hypothesis (H0) is if: F > Fα (v1, v2)  
 
In the equations above:  
 
SSER = sum of squared errors for the reduced model  
 
 SSEC = sum of squared errors for the complete model  
 
 MSEC = mean square for the complete model  
 
 n = sample size  
 
 k = number of variables of the complete model  
 
 g = number of variables of the reduced model  
 
 (k-g) = number of excluded variables  
 
 V1 = (k-g)  
 
 V2 = n – (k+1)  
 
STAGE FIVE: CALCULATION OF WTP 
In stage five, an individual bid or bids are converted to a population bid (Rahmatian 
2005). Aggregation is necessary at this stage, in order to move from mean WTP to 
total value (Bateman & Turner 1993). By multiplying the predicted mean or median 
by the number of households thought to have a demand for the relevant environmental 
good or service, the predicted mean or median bids are aggregated into a total 
population WTP (Akoto 2009).  
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STAGE SIX: APPRIASAL OF CREDIBILITY 
A question needs to answered and verified in this stage, of whether the CVM was 
successful? What determines a successful CV study is the application of tests of 
reliability and validity of the data and results (Hosking et al. 2004). In stage six we 
consider the technical acceptability of the evaluation estimates produced by CVM - 
whether the evaluation estimates are valid and reliable, i.e. theoretical and 
methodological acceptability (Bateman & Turner 1993). Validity refers to the degree 
to which the CVM evaluation correctly indicates the true value of the asset under 
investigation, bias being a common cause of low validity. Reliability refers to the 
consistency or repeatability of CVM estimates (Bateman & Turner 1993). Testing for 
reliability aims to show that a survey can be relied upon to provide the same values if 
the survey were carried out repeatedly under similar conditions (Hosking et al. 2004). 
 
WTP validity and reliability depend partly on the amount and type of information that 
respondents have. Whitehead et al. (1994) suggests that the better the information, 
both acquired through personal experience and available in the survey instrument, the 
more valid and reliable are the WTP statements made by respondents. 
 
Reliability can be inferred through the observation of variation of responses. 
Valuations with a relatively low variation among responses are considered more 
reliable estimates of value than those with a high variation (Holvad 1999). From this 
perspective reliability refers to extent to which the variance of the WTP amounts is 
due to random sources (Venkatachalam 2003). Indications about the validity of CVM 
values can be provided through comparisons to the values obtained from other 
methods, e.g. revealed preference, travel cost method and hedonic pricing methods. 
 
Validity can be divided into three types, namely, content, criterion and construct 
validity (Venkatachalam 2003). In a CV study content validity refers to the ability of 
the instruments included in the scenario to measure the value in an appropriate 
manner. Criterion validity of the CVM may be assessed in terms of another measure, 
such as market price for the same good, which may be considered as a criterion. 
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Construct validity is of two forms: convergent validity and theoretical validity. The 
convergent validity refers to the correspondence between two measures of the same 
theoretical construct (Venkatachalam 2003). CV results can be said to be theoretically 
valid if the results conform to the underlying principles of economic theory. In other 
words, theoretical validity involves assessing the WTP values of the CV method by 
way of regressing the WTP value against standard economic variables 
(Venkatachalam 2003). 
 
CVM surveys reliability is associated with the degree to which the variance of WTP 
responses can be attributed to random error, with reliability being inversely related to 
the degree of non-randomness (Bateman and Turner 1993). Variance in WTP 
responses derives from three sources: true random error, sampling procedure and the 
questionnaire/interview itself (instrument variance) (Bateman & Turner 1993). True 
random error is important to the statistical process, while induced sampling procedure 
error is a potential problem inherent in any statistical survey and can usually be 
acceptably minimised by ensuring that statistically significant sample size is used 
(Bateman & Turner 1993). Bateman and Turner (1993) see instrument variance as of 
the most concern. According to them a good CVM instrument should be informative, 
clearly understood, credible, and realistic by relying upon established patterns of 
behaviour and legal institutions, and have a uniform application to all respondents. 
The greater the tendency to move away from these norms, the more likely that such an 
instrument will increase the variance of responses. For this reason realism and 
familiarity are essential in constructing CVM scenarios (Bateman & Turner 1993).   
 
3.4 CRITIQUE OF CVM 
Various studies into the CVM have identified a number of problems (Venkatachalam 
2003). These problems include the following: large differences between WTP and 
WTA, strategic behaviour in responses, the hypothetical nature of survey, and the 
embedding phenomenon (Venkatachalam 2003). 
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Differences in WTP and WTA 
An often cited problem in relation to CVM is large differences between WTP and 
WTA (Holvad 1999).  It is accepted that WTA will be greater than WTP, but the 
difference should be small if the income effects are small (Holvad 1999). The CVM 
estimates the Hicksian consumer surplus, either through WTP or WTA bids (Bateman 
& Turner 1993). In principle either WTP or WTA measure could be used 
interchangeably to elicit individuals’ preferences for change in the level of 
environmental goods and services (Venkatachalam 2003). Yet one of the issues that 
affect the validity of the CVM results is the disparity that arises between the WTP and 
WTA value for the same good under consideration (Venkatachalam 2003). It has been 
demonstrated both theoretically as well as empirically that the WTA value is always 
greater than the WTP value if used for the same issue (Venkatachalam 2003). The 
existence of large-scale disparities between WTP and WTA in empirical studies leads 
to the following conclusions: (i) one or both of the CV measures are wrong or the 
theory is wrong (ii) a conservative approach indicates that the WTP measure rather 
than the WTA measure is used as the measure of value (Venkatachalam 2003; NOAA 
1993). 
 
Strategic behaviour in responses 
The structure of CVM surveys can lead to strategic behaviour in responses (Holvad 
1999). For instance, if respondents perceive that the environmental good is likely to 
be provided irrespective of the stated preferences, then there would be an incentive for 
the respondent to free-ride, and offer a lower WTP. On the other hand, stated 
preferences may be overstated, as respondents may perceive the provision of the good 
contingent on the stated values (Holvad 1999). 
 
Hypothetical nature of survey 
The hypothetical nature of the CVM could lead to problems if respondents perceive a 
lack of realism of the survey and deduce there will be no consequences whatever they 
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respond (Holvad 1999). It could result in irresponsible behaviour, such as giving too 
high or too low values (Holvad 1999). 
 
The embedding phenomenon 
The embedding phenomenon is a psychological survey effect that occurs when 
respondents are asked to value or state their WTP for a target commodity, that results 
in significantly varying WTP valuations depending on whether respondents are asked 
to value the target good alone or as a subset of other public goods (Binger, Copple, 
and Hoffman 1995). Such variability between bids for the target good, because of the 
bundling of the target good with other public goods, is contradictory to choice theory, 
under which the valuation of the target good should remain constant irrespective of 
whether it is presented as a subset of, or bundled with other environmental goods 
(Binger, Copple & Hoffman 1995) 
 
The most important internal argument against the reliability of the CVM is the 
observation of the "embedding" phenomenon. The existence of the embedding effect 
is supposed to result in a situation where different surveys can obtain widely varying 
stated WTP values for the same public good, with no straight forward way for 
selecting one particular method as the appropriate one (Venkatachalam 2003). Critics 
of the CVM argue that the responses are not measuring the equivalent dollar/rand 
value of the utility of the environmental assets preserved, because that would certainly 
be measurably larger for substantially larger programs of preservation. Instead, the 
fixed sum offered is the value of a feeling of having done something praiseworthy, 
also known as “warm glow” effect (Arrow et al. 1993).   
 
Embedding affects the validity of the CV results. The NOAA panel recommended 
that questions be posed carefully and with a high standard of richness in context to 
achieve a realistic background (Arrow et al. 1993). In other words, the CV instrument 
must be framed in such a way to elicit an answer that responds to the precise scenario 
and not the generalized “warm glow” effect (Arrow et al. 1993). The panel also 
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suggest that the embedding type results could be the result of diminishing marginal 
utility (Arrow et al. 1993). The embedding phenomenon could be explained as the 
manifestation of the law of economics, which states that there is a decline in the 
marginal utility that a person derives from consuming each additional unit of product. 
For this reason, the panel suggested that it is possible that the incremental increases of 
WTP by a respondent increase at a declining rate as a preservation project gets larger. 
 
Since the CVM attracts these kinds of errors and biases, the critics of the CVM argue 
that this method is not capable of accurately estimating economic values, especially 
non-use values (Venkatachalam 2003). On the other hand, the supporters of the CVM 
argue that the CV method is capable of eliciting the true economic values of the 
environmental resources if properly conducted (Venkatachalam 2003; NOAA 1993). 
Many aspects of the criticisms of the CVM have been dealt with, in the form of 
methods to reduce biases and the incorporation of tests for consistency, and as a 
result, in recent years this method has been commonly used in developing countries to 
elicit the individuals’ preferences for basic infrastructural projects such as water 
supply and sanitation (Venkatachalam 2003). In the United States of America the 
CVM was accepted in the 1990’s by courts as a legitimate procedure for valuing 
environmental changes (NOAA 1993). The NOAA panel set up to evaluate the use of 
the CVM in estimating the non-use values concluded that the CVM could derive 
useful information about the non-use values, on condition that the panel’s guidelines 
are followed while conducting the CV study (Venkatachalam 2003). 
 
3.5 CONCLUSION 
CVM is a widely applicable and widely applied monetary evaluation method 
(Bateman & Turner 1993). It has the potential for application to a wide range of 
environmental goods. The discipline of natural resources and environmental 
economics requires an alternative system of decision making that is not only based 
purely on market values of natural resources, but includes the non-market value in the 
total value component of the resources (Social Research Methods 1993). The CVM 
has become widely accepted as a means of valuing non-market goods. Two of its 
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main advantages over other valuation methods are its ability to capture the non-use 
value inherent in environmental goods and to value environmental changes directly. 
But it is also susceptible to bias because it is an expressed-preference survey 
technique. Minimising such bias to an acceptable level is one which requires 
considerable skill and adherence to recommended practice (Bateman & Turner 1993; 
NOAA 1993). 
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4 CHAPTER FOUR: QUESTIONAIRE AND SAMPLE DESIGN 
4.1       INTRODUCTION 
The survey was administered from July to September 2011. The surveys were 
administered through face to face interviews at the estuary site and areas around the 
estuary mouth within a 10 km radius.  
 
4.2 STAGE ONE: QUESTIONAIRE DESIGN 
 Scenario to be valued 
The first step of CVM is to set up a realistic and credible market that can be presented 
to the respondents of the questionnaire, in order to elicit their WTP values. A 
hypothetical project (Appendix A) was formulated to improve and sustain water 
quality to safe levels for swimming, fishing and boating in the Swartkops estuary. The 
project was to increase effectiveness of the Nelson Mandela Municipality Wastewater 
Treatment works along the Swartkops River and replace faulty joints and pipes in the 
system. The respondents (users) needed to know how these changes in water quality 
provision would affect their lives, in order to assist them in the estimation of WTP to 
implement this project. 
 
The elicitation method and payment vehicle  
The payment card elicitation method was used to elicit WTP for the implementation 
of a project for the valuation scenario. The method was chosen because of the 
conservative approach recommended (Chapter 3). It was expected to yield 
conservative values and reduce starting point bias by providing a range of options to 
choose one alternative (Hosking et al. 2004). The payment options ranged from zero 
to R4001+ per annum (Appendix A). Additional waste water charges levied on all 
water services users was chosen as the method of payment, as this was a familiar 
method of payment to the respondents. 
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4.2.1 The Questionnaire 
The questionnaire includes a variety of questions that help to interpret the responses 
to the valuation question. The questionnaire is broken down into four sections. 
Section one gathers socio-economic and household characteristics. Section two 
collects information on the respondents’ attitude towards water quality in the estuary. 
Section three gathers information on the behavioural characteristics of the 
respondents. Section four is the valuation section. Its purpose is to obtain the WTP 
value for water quality changes in the Swartkops estuary. The questionnaire was 
designed in reference to the guidelines recommended in Chapter three. A copy of the 
questionnaire is found in the Appendix A. It has 16 questions and they are discussed 
below. 
 
Socio-economic and household characteristics 
The first section seeks to collect information on the respondent’s socio-economic and 
household characteristics. It was expected that there would be relationships between 
stated values (WTP) and the characteristics of the respondents. Where these 
expectations are met, they lend credibility to the results of the survey (Hosking et al. 
2004).   
 
Questions one and two ask the gender and race of the respondent. This was to test if 
gender and race explain differences in WTP. Question three and four ask the age and 
marital status of respondents. Respondents who are older or married are expected to 
have a stronger desire to conserve the estuary, and as a result, a higher WTP. Question 
five and six ask the educational level and employment status of respondents. It was 
expected that a higher level of education would be positively correlated to WTP, and 
unemployment to be negatively correlated to WTP. Question seven and eight ask 
respondents the number of people in their household and income level. Both were 
expected to be positively correlated to WTP. Question nine asks respondents if they 
are a visitors or permanent residents. It was expected that permanent residents would 
have a stronger desire than visitors to conserve the estuary and as a result higher WTP 
values, due to their close proximity to the estuary. 
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Attitudinal section 
Question ten asks respondents for their thoughts on the suitability of the estuary’s 
water quality for recreational, commercial and subsistence activities. Question 11 asks 
respondents if they think the local municipality is doing enough to maintain water 
quality in the estuary. 
 
The attitudinal section of the questionnaire was intended to make respondents explore 
their thoughts on the water quality issues of Swartkops estuary, as preparation for the 
valuation question. There are often strong associations between a respondents’ 
attitude and his or her stated value (Hosking et al. 2004). 
 
Characterisation of behaviour 
Questions 12 and 13 asked how often on average the respondents visited the estuary 
annually and the distance from their places of residence to the estuary. The higher the 
frequency of use annually, the higher WTP was expected to be. Proximity to the 
estuary is also expected to influence stated WTP. Question 14 asks respondents their 
main purpose of use of the estuary. Estuary use is divided into four categories: 
recreation, commercial, subsistence and availability for others. Question 15 asked 
respondents to rank the relative importance they attach to these activities.  
 
Behavioural characterisation questions were designed mainly to reveal the 
respondents’ use of the estuary, as well as the underlying motives for supporting 
Swartkops estuary preservation, so as to aid in the interpretation of the valuation 
responses. 
 
 Contingent valuation section  
The valuation section of the questionnaire sought to elicit respondents WTP responses 
to the valuation scenario proposed. 
53 
 
Question 16. How much are you willing to pay for the implementation of a 
proposed project to improve water quality to safe levels for swimming, fishing 
and boating? 
          
          Figure 4.1: Elicitation of WTP 
Before respondents chose an amount they were WTP, they were reminded to consider 
all their existing financial obligations before making their decision and that they 
answer as truthfully as possible. They were also reminded that they should take into 
account not only their current use, but also their potential use, as well as that of 
anyone else’s that was important to them.  
 
Respondents who stated they would not pay anything (zero bids) were asked for their 
reasons. They were asked (question 16.1) to choose from four alternatives their 
reasons. This was to distinguish valid zero bids from protests bids.  
 
4.3 STAGE TWO: SAMPLE DESIGN 
Carrying out econometric analysis on data collected in a survey relies on the fact that 
the survey sample is of an appropriate size and representative of the target population 
from which it is drawn (Day & Mourato 1998). 
 
Target population 
The target population for this study refers to those who were located in close 
proximity to the estuary and residents of Nelson Mandela Bay with a demand for the 
estuary services, directly or indirectly. No records are kept of their identities and they 
only reveal their propensity to consume estuary services when they use them. For this 
reason identifying them ex ante was almost impossible. The majority of them were 
visitors to the area and were not permanent residents of the land adjacent to the 
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estuary. As a consequence, statistically preferred respondent selection procedures 
could not be applied. 
 
Based on previous research done by Hosking et al. (2004), the household figures in 
Table 4.1 were used to estimate the sample population of people who use the 
Swartkops estuary annually. 
 
Table 4.1: Estimated total population of users of households using the Swartkops 
Estuary per annum by main user category. 
Estuary use  No.  household  users 
annually and (%) 
Proximity/viewing  1 000                (19, 2%) 
Anglers  2500                (48, 1%) 
Bait collectors  100                  (1, 9%)
Boaters  1000                (19, 2%) 
Bird watching  100                   (1, 9%) 
Picnicking  200                   (3, 8%) 
Swimming  100                   (1, 9%) 
Other (walking)  200                    (3, 8%)
Total  5200                   (100%) 
Source: Tiger Bay Boat Registration Office (2003), Hosking et al (2004) 
 
An estuary’s ability to provide these services is reliant on the estuary’s water quality, 
amongst other things. For this reason, the users of these services should, in principle, 
be willing to pay to improve and maintain good water quality. People who actively 
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used the estuary to derive these services were characterized as active users. Other 
people reveal their demand for estuary services in a more subtle manner, such as those 
who just enjoy the view of the estuary. These people are passive users of the estuary. 
Others may not use the estuary either actively or passively, but may derive utility 
from knowing that it exists, and that they or their children can visit it in the future. 
These non-current users may also have a willingness to pay to improve and maintain 
water quality. These active, passive and non-current users make up the target 
population. 
 
It may be argued that this target population is too narrowly defined and that the 
sample population it generates is inappropriate and limited. It can be argued that the 
population users of the Swartkops estuary are much greater than just those who are 
active, passive, non-current users, or those in close proximity to the estuary described 
in Table 4.1. Making all households who use waste water services in the Nelson 
Mandela Bay Municipality the target population may generate a more appropriate 
sample population. This is because all water services users in the Nelson Mandela 
Bay Municipality also have a demand (indirectly) for estuary services by being 
connected to municipal sanitation services, whose sewage outfalls ultimately make 
their way to the estuary. Therefore, Nelson Mandela Bay Municipality waste water 
services users should, in principle be include in the target population.  
 
Using a broader definition of the target population, households connected to sanitation 
services in Nelson Mandela Bay Municipality, make up the target population. There 
are around 289000 households in Nelson Mandela Bay (formal areas), 91% of them 
are connected to sanitation services (Neslon Mandela Bay Annual Report 2010).  
 
Sample frame 
A sample frame could not be completed because no records of them exist. 
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 Sampling method 
This study used a stratified intercept sampling method to select respondents. The 
population was divided into subgroups, or strata and a sample was then selected from 
each group (Fink 2003). Estuary users were divided into strata on the basis of their 
present or intended use of the estuary. Fishers, boaters, swimmers and birders were 
categorized as recreational users. Commercial fishers, restaurant operators, B&B and 
guest house owners were categorized as commercial users. Those people who 
depended on the estuary for subsistence were categorized as subsistence users. Those 
who were engaged in activities, not related to active use, were categorized as passive 
users. The proportion of users in each stratum varied according to the most common 
activity.   
 
Sample size 
Cochran’s (1977) formula for determining appropriate sample size was used to 
determine ideal minimum sample size for the Swartkops estuary survey. To apply this 
formula we assumed maximum variability (p=0.5) because of the large and diverse 
population of users.  A 95% confidence level was desired and ± 8% level of precision. 
The resulting sample size is calculated from equation 3.1 and 3.2 (Chapter 3) 
 
                                n0=   Z 2 pq / (e) 2  
   =   (1.96) 2 (.5) (.5) / (0.08) 2 
   =    150 
Based on the estimated target population size (N), the sample size was computed as 
follows: 
                                n=   n0 / (1 + (n0 – 1)) / N 
            =   150/ (1+ (150 – 1)) / 5200 
            =   146  
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In anticipation of less than 100% response rate, the minimum sample size was 
adjusted upwards. Based on similar research done by Akoto (2009), Lin (2005) and 
Van Der Westhiuzen (2007) a response rate of around 90% was anticipated. The 
following calculation was used to determine the drawn sample size required to 
produce the minimum sample size adjusted for anticipated response rate: 
Where anticipated response rate = 90%. 
Where minimum sample size (n) = 146. 
Where n1= sample size adjusted for response rate. 
 
n1= 146/0.90 = 162 users of households using the Swartkops estuary 
 
4.4 CONCLUSION 
What determines a successful CV study is the credibility of the evaluation estimates 
produced by the CVM. Stages one and two play an important role in establishing the 
credibility of estimates made in stages three, four and five of the CVM application 
process. They achieve this through a conservative and plausible questionnaire design, 
which increases the reliability and validity of stated values. The objective of stage one 
and two was to create a survey instrument that was conservative and realistic in order 
to obtain credible WTP bids from a sample that was both representative of the target 
population and unbiased.  
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5 CHAPTER FIVE: THE APPLICATION OF THE CVM  
5.1 INTRODUCTION 
There were 174 questionnaires administered to randomly selected residents. Chapter 
five summarises the responses to the survey instrument and applies stages three, four 
and five of the CVM. These stages entail calculating mean and median WTP, 
estimating a bid curve, predicting mean and median WTP and aggregating a TWTP. 
Two statistical models were used for this purpose, namely the OLS and Tobit models.  
 
The descriptive statistics: socio-economic and household characteristics, attitudinal 
responses, characterisation of behaviour and contingent valuation WTP responses are 
provided below.  
 
5.2 DESCRIPTIVE STATISTICS 
 Socio-economic and household characteristics 
Of the respondents 55% were visitors from around Nelson Mandela Bay, 43% were 
permanent residents and 2% were holiday visitors. The gender participation rate of the 
respondents was split 80% for males and 20% for females. The average age of the 
respondents was 43 years. On average there were 3 people in each household. Of the 
respondents 31% were black, 51% white, 16% coloured and 3% Indian. The majority 
of respondents (51%) were employed, with 37% and 12% being unemployed and 
retired respectively. Most of the respondents had some form of formal education with 
only 7% having none. The respondents pre-tax income ranged from zero to R500 000 
plus. The majority (70%) of the respondents’ pre tax income ranged between zero and 
R100 000 (figure 5.1), with the highest frequency of respondents (21%) being 
between R1 and R10 000. 
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Figure 5.1: Total monthly pre tax income of Household 
 
Attitudinal responses 
The majority of the respondents (75%) thought the local municipality was not doing 
enough to maintain water quality in the Swartkops estuary. Only 56% felt that the 
water quality in the estuary was suitable for recreational activities. A large percentage 
(69%) of respondents also felt that the water quality was not suitable for commercial 
activities and 56% felt the water quality was suitable for subsistence activities. 
 
Behavioural characterisation 
The average distance travelled by the respondents from their residences to the estuary 
was 25 km, with the furthest distance being 1200 km. The main use for the estuary 
among the respondents was recreation, with 65% of them using the estuary for 
fishing, boating etc., 16% for subsistence use and 1% for commercial use. The rest of 
the respondents (18%) did not use the estuary directly, but were driven by altruistic 
motives and wanted the estuary to be available for others (children, future generations 
and other people elsewhere).  
 
Excluding permanent residence (43%), the majority (27%) of the respondents visited 
the estuary 3 to 4 months in a year, 10% visited it 1 to 2 months in a year, 4% visited 
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it 3 weeks in a year, 4% visited it 2 weeks in a year, 9% visited it 1 week in a year and 
3% visited once a year (Figure 5.2) 
 
Figure 5.2: Average number of days spent visiting the Swartkops Estuary 
 
The respondents were presented with activities of the Swartkops estuary and asked to 
rank the relative importance they placed on each activity of the estuary, on a scale of 
1 to 4 (1 is extremely important and 4 is unimportant). The question was intended to 
elicit information on what services the user population of the Swartkops estuary found 
to be  most important. The majority (59%) of respondents felt that being able to use 
the Swartkops estuary for recreational acitivities was extremely important. Most of 
them (51%) also felt that commercial activities in the estuary would be harmful to the 
estuary and therefore were unimportant activities. Of the respondents 47%  felt that it 
was important that those who were underpriviliged be able to use the estuary for 
subsistence activities. Of the users 81% felt that it was either extermely or very 
important that the the estuary be accessible for others (Figure 5.3).  
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Figure 5.3: The relative importance attached to activities of the estuary 
 
5.3 STAGE THREE: ADMINISTRATION OF SURVEY    
Respondent selection was made at the estuary site, although some respondents were 
interviewed at their residences. It was assumed that distance was relevant in 
identifying users. The survey was also extended to cover all areas within a 10 km 
radius from the estuary mouth and included Swartkops Village, Amsterdamhoek, 
Bluewater Bay, Redhouse, Wells estate, New Brighton and Kwazakhele. 
 
The information elicited from the respondents related to factors potentially explaining 
their WTP for a proposed project to improve water quality of the estuary. 
 
The aim of the initial part of the contingent valuation section was to make the 
respondents aware of the current state of the Swartkops estuary, the quality of the 
water in it, as well as the consequences of its deteriorating quality. The events of May 
2010 were referred to as a reference point, when a warning was issued to the members 
0%
10%
20%
30%
40%
50%
60%
70%
Recreation Commercial Subsitence Availability
for others
Pe
rc
en
ta
ge
 of
 re
sp
on
de
nt
s (%
)
Activities
Extremely important
Very important
Important
Unimportant
62 
 
of the public not to swim or fish in the Swartkops river estuary as a result of high 
levels of pollution in the water. 
 
A response was considered a protest bid when the reason for the zero response was 
the respondent did not believe the scenario presented or objected to having to pay 
money for maintaining water quality in rivers. Protest bids were omitted and valid 
responses were separated from invalid ones. Table 5.1 shows a summary of the 
willingness to pay responses. 
 
Table 5.1: Percentage of respondents who gave positive WTP responses and zero 
WTP 
 
 
 
 
 
 
 
 
 
 
 
 
 
Amount 
WTP per 
annum  Frequency 
Percentage 
of total (%) 
0  59  34%
(1‐10)  23  13%
(11‐20)  9  5%
(21‐30)  2  1%
(31‐50)  8  5%
(51‐100)  21  12%
(101‐200)  21  12%
(201‐500)  20  12%
(501‐
1000)  7  4%
(1001‐
2000)  0  0%
(2001‐
3000)  1  0.50%
(3001‐
4000)  1  0.50%
(4001+)                  3                 1% 
Total  163  100
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There were four protest bids. The majority of respondents who had protest bids, felt 
that it was the responsibility of the local municipality to maintain water quality in the 
Swartkops river estuary. They felt that they already paid enough in the form of taxes, 
rates, fishing and boating licences, etc. and that these resources should be used more 
efficiently. Only 3 (1%) respondents’ had bids in excess of R4001. These were treated 
as outliers and removed from the mean and median value calculation. The sample 
mean and median WTP for water quality improvements in the Swartkops estuary was 
calculated to be R128 and R15 per annum respectively.  
 
5.4 STAGE FOUR: ESTIMATION OF WTP 
The purpose of stage four is to estimate a bid function, to check if responses 
statistically corresponded with what was to be expected, and to generate a valid 
predictive WTP model. Fourteen explanatory variables were identified as likely to 
influence WTP responses. These were income, age, distance, population group, 
marital status, gender, employment status (unemployed and retired), visitor or 
resident, annual usage (some use (1-4 months) and frequent use (permanent resident)), 
perception of water quality and education level (secondary, and diploma, degree,..., 
other). 
 
The descriptions of the explanatory variables chosen for the purpose of generating a 
predictive WTP model are shown in Table 5.2. Their expected relationships towards 
WTP are also shown. The explanatory variables were both of a qualitative and 
quantitative nature. Qualitative variables were represented by dummy variables, e.g. 
population group 0= other race group, 1= white race group, where 0 indicated base 
levels for groups (reference group), to which other groups are compared. Dummy 
variables are used to account for qualitative factors in econometric models. They are 
often called binary variables as they take just two values usually 1 or 0 to indicate the 
presences or absences of a characteristic (Hill, Griffiths, Lim 2008). For quantitative 
variables (income and WTP), the mid-point value was taken from each interval 
assigned, with an upper limit of R750 000 set for income and R5000 for WTP. 
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Some data variables were transformed after provisional analysis. This was to make 
the variables better fit the assumptions underlying regression. There are a number of 
ways to do this, but the most common for our purposes is to take the log of the 
variable (Hill, Griffiths, Lim 2008). WTP was transformed to ln-WTP and income 
transformed to ln-inc. 
 
Multiple regression works most reliably when the inputs come in a form that is well-
known (distribution of the data). If the distribution of your data simulates that of a 
theoretical probability distribution e.g. normal distribution, calculations can be 
performed on the data that are based on assumptions we can make about normal 
distribution. The properties and characteristics of the normal probability distribution 
are well-known, which is important for the validity of the results in a regression 
analysis (Hill, Griffiths, Lim 2008). 
 
With this in mind, the variables transformed were transformed in hopes of improving 
the overall model. The goal in transforming variables is to make the relationship 
between variables more exact - a regression equation which both characterizes the 
data and meets the conditions required for accurate statistical inference. 
Table 5.2: Description of the dependent variable and independent variables in 
the multiple regression analysis 
Dependent variable    Description 
ln-WTP Amount household would pay for the 
implementation of a water quality 
improvement project: the amount was the 
mid-point value of each interval from the 
WTP question 
Independent 
variables 
Description Expected sign Reason 
Gender 0= if respondent is female 
1= male 
           + It is expected 
that 
predominately 
males will use 
the estuary. 
Therefore  they 
are expected to 
have a higher 
desire to 
conserve the 
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estuary  
distance Distance from place of residence to estuary 
(km) 
             - The further away 
a respondent 
lives from the 
estuary the less 
desirable it is for 
them to conserve 
it 
Education (educ1) 
 
0= none, primary,  diploma, degree,…, other 
1= secondary 
 
             + A higher level of 
education 
suggests higher 
income and more 
awareness on 
issues 
surrounding 
estuary 
conservation and 
therefore a 
higher desire to 
conserve the 
estuary. 
Education (educ2) 
 
0= none, primary, secondary 
1= diploma, degree,…, other 
 
+ A higher level of 
education 
suggests higher 
income and more 
awareness on 
issues 
surrounding 
estuary 
conservation 
ln-income Annual pre tax household income: the 
amount was the mid-point value of each 
interval from the income question 
             + Higher  
disposable 
income means a 
respondent has 
more money to 
spend on things 
like conserving 
the estuary 
Annual use 
(Annuse1) 
0= infrequent, <= 21days,  frequent use, 
permanent residents 
 
1= some use, 1- 4 months 
 
              + It is expected 
that the more 
frequent the user 
uses the estuary 
the stronger will 
be the desire to 
conserve it 
Annual use 
(Annuse2) 
0= infrequent, <= 21days, some use, 1- 4 
months 
 
1= frequent use, permanent residents 
+ It is expected 
that the more 
frequent the  
user uses the 
estuary the 
stronger will be 
the desire to 
conserve it 
Employment status 
(emp2) 
0= employed, 
1= unemployed 
              - An unemployed 
respondent does 
not have an 
income. As a 
result, it is 
expected that 
unemployment 
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 The Estimation Model 
The variables included in the complete model are shown in equation 5.1. For this 
study the complete models functional form was (see Table 5.2 for variable 
description): 
Equation 5.1: 
will be 
negatively 
correlated to 
WTP 
Employment status 
(emp3) 
0= employed, unemployed 
1= retired 
 
- It is expected 
that a retired 
user will have a 
negative 
influence on 
WTP  
Population group 
(Popgrp) 
0= other race group 
1= if respondent belongs to white   
population group 
              + The white 
population group 
are expected to 
have higher 
income and 
awareness about 
estuary 
conservation and 
therefore are 
expected to have 
a higher WTP 
Marital status (mar) 0= other 
1 = married 
              +/-  
Water quality (WQ 
Munc) 
0= if respondent thought the municipality 
was not doing enough to maintain water 
quality 
1= if respondent thought the municipality 
was doing enough to maintain water quality
             +/-  
Visitor or resident 
(visit) 
0= visitor  
1= resident 
              +  It is expected 
that a permanent 
resident will 
have a stronger 
desire to 
conserve the 
estuary as a 
result of their 
close proximity 
to the estuary 
and as a result 
are expected to 
have to have 
higher WTP 
values 
Age Age                +/-  
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ln-WTP = f (gender, distance, educ1, educ2, ln-income, ann-use1, ann-use2, emp2, 
emp3, popgr, mar, WQ Munc, visit, age) ............................................................... (5.1) 
 
Estimation of the OLS model 
The results generated by fitting the complete OLS model to the data collected are 
shown in Table 5.3. 
Table 5.3: Complete OLS for the Swartkops estuary 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
The adjusted R-squared (34.7%) in Table 5.3 is a measure of how well the model fits 
the data. A high R-squared indicates that the unexplained portion of the variability in 
stated WTP is relatively small. The coefficients of income and population group are 
the only explanatory variables that are significant in this model. Income is positively 
Model Complete OLS model 
Dependent variable LN_WTP 
Method Least Squares
Variable Coefficient Std. error t-statistic Prob.
Intercept 1.336469 0.909648 1.46922 0.143897
LN-INC 0.181791 0.050709 3.58496 0.000457
AGE -0.004762 0.015717 -0.30299 0.762326
DISTANCE -0.000120 0.000816 -0.14749 0.882943
POPGR -0.485661 0.187520 -2.58992 0.010559
MAR -0.200527 0.171941 -1.16626 0.245386
EDUC1 -0.251053 0.314428 -0.79844 0.425893
EDUC2 0.302308 0.231427 1.30628 0.193484
GENDER 0.314469 0.217049 1.44884 0.149499
EMP2 0.567242 0.334742 1.69457 0.092261
EMP3 -0.360027 0.314579 -1.14447 0.254275
VISIT 0.070850 0.192299 0.36843 0.713075
WQ MUNC 0.034642 0.192266 0.18018 0.857259
ANNUSE1 0.541332 0.336883 1.60688 0.110211
ANNUSE2 -0.149064 0.241002 -0.61852 0.537184
R‐squared  0.404076 
Adjusted R‐squared  0.347705 
F‐statistic  7.168124 
Sum squared resid  577.1393 
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correlated to WTP; this sign is consistent with expectations. The negative relationship 
between population group and WTP on the other hand is unexpected and inconsistent 
with expectation. 
 
The backward stepwise regression approach was then used to generate the reduced 
model, by identifying and keeping those explanatory variables that were significant 
(with significance level of 10%) in the regression model and excluding those that 
were not. Distance was the first variable removed (highlighted in Table 5.3). 
 
 The variables identified for the reduced model were income, population group, 
employment status and annual usage (Table 5.4). The adjusted R-squared for the 
model is 37.9%. The expected signs for income, population group and employment 
status are consistent with expectations, while the negative relationship between annual 
usage and WTP is unexpected and inconsistent with economic theory. 
 
Table 5.4: Reduced OLS: Swartkops estuary 
Model  Reduced OLS model 
Dependent variable  LN_WTP 
Method  Least Squares
Variable  Coefficient  Std. Error  t‐Statistic  Prob.   
C  1.1905  0.8622  1.3807  0.1694 
LN_INC  0.1856 0.0490 3.7872  0.0002
POPGR  0.9197  0.3414  2.6943  0.0078 
EMP2  ‐1.1492  0.4262  ‐2.6964  0.0078 
EMP3  ‐0.9717 0.5327 ‐1.8240  0.0701
ANNUSE1  ‐0.6369  0.4644  ‐1.3714  0.1722 
ANNUSE2  ‐1.0367  0.4665  ‐2.2224  0.0277 
    1.3807   
R‐squared  0.3797
Adjusted R‐squared  0.3558 
Log likelihood  ‐337.60 
F‐stastistic  15.9138 
 
69 
 
To determine whether the exclusion of insignificant variables improved the fit of the 
data or not, the complete and reduced OLS models are compared using the F-test of 
significance.  
 
To comparing the complete versus the reduced model (OLS) we use equation 3.4: 
 
   600.77 577.14 / 15 7 0.757
3.8996
F
    
 
At a significance level of 5%, split equally into each tail the lower critical value in the 
distribution is found at 2.5 %. The Ho is rejected if the test statistic is less than the 
critical value,  0.975 1 2,F v v where v1 and v2 are the numerator and denominator degrees 
of freedom in the test statistic. 
 
   0.975 1 2 0.025 2 1
1, 0.269
,
F v v
F v v
 
................................................................................. (5.2)
 
 
Given that  0.975 1 2, 0.269 0.757F v v    the H0 is not rejected and the conclusion was 
drawn that there is insufficient statistical evidence to support the claim that the 
omitted variables were significant predictors of the dependent variable. This finding 
provided support to the use of the reduced model, a more parsimonious model with 
significant predictor variables. 
 
The coefficients of the reduced OLS model imply that income and population group 
(white users) contribute positively to WTP. Unemployment and greater annual use 
decrease respondents’ WTP. 
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Estimation of the Tobit model 
The complete Tobit model could not be estimated as the matrix was ill-conditioned. 
As a result the complete Tobit model was estimated as a linear model (Table 5.3). 
Using backwards stepwise approach from this model, the reduced Tobit model was 
estimated. This model was found to include ln-inc, population group, employment 
status and annual usage as the only significant variables. The adjusted R-squared was 
37% (Table 5.5). All the variables had the expected signs except annual use. 
 
Table 5.5: Reduced Tobit model for the Swartkops estuary  
Model  Reduced Tobit model 
Dependent variable  LN_WTP 
Method  ML ‐ Censored Normal (TOBIT) (Quadratic hill climbing) 
Variable  Coefficient Std. Error z‐Statistic  Prob.  
C  ‐0.6341  1.2336  ‐0.514  0.6072 
LN_INC  0.3393  0.0764  4.441  0.0000 
POPGR  1.0061  0.4689  2.146  0.0319 
EMP2  ‐1.2105 0.5798 ‐2.088  0.0368
EMP3  ‐0.9928  0.7195  ‐1.380  0.1676 
ANNUSE1  ‐0.8838  0.6169  ‐1.432  0.1520 
ANNUSE2  ‐1.3849  0.6222  ‐2.226  0.0260 
      
R‐squared  0.3984 
Adjusted R‐squared  0.3712 
Log likelihood  ‐306.00 
 
The Tobit model is routinely used when the values of the observed dependent variable 
are exclusively non-negative and are clustered at zero and is also preferred over OLS 
model for predictive purposes. The WTP bid function for the Swartkops estuary user 
population was found to be: 
Equation 5.4: 
Ln-WTP = -0.6341 + 0.3393 * ln-inc + 1.0061*popgr -1.2105*EMP2 - 0.9928*EMP3 
- 0.8838* ANNUSE1 - 1.3849*ANNUSE2........................................................... (5.3) 
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Coefficient interpretation 
The interpretation of the regression coefficients change if they are transformed to log-
linear functional form. After transformation, the coefficient of the explanatory 
variable represents the percentage contribution that the explanatory variable makes to 
the dependant variable when there is a one unit increment in the independent variable 
(Mendenhall & Sincich 1996; Hill, Griffiths, Lim 2008). The percentage change is 
obtained by transforming the coefficient (Mendenhall & Sincich 1996): 
 Percentage change = (e βi – 1) x 100 ...................................................................... (5.4) 
Table 5.6: Coefficient interpretation  
 Model 
Variable Interpretation OLS Tobit 
Ln-inc A 1% increase in income 
will result in a percentage 
increase in WTP 
0.18% 0.33% 
Popgrp The percentage increase in 
WTP due to the respondent 
being white.  
150.85% 173.49% 
EMP2 
(unemployed) 
The percentage decrease in 
WTP due to the respondent 
being unemployed 
-68.31% -70.19% 
EMP3 (retired) The percentage decrease in 
WTP due to the respondent 
being unemployed  
-62.15% -62.94% 
ANNUSE1 
(infrequent use, <= 
21days) 
The percentage decrease in 
WTP due to a change 
(increase) in number of 
days spent at the estuary  
-47.10% -58.67% 
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In the two models (OLS and Tobit) population group and employment status both 
have signs that are consistent with expectations, while annual use has a negative 
relationship with WTP, contrary to what was expected. It was expected that 
respondents’ WTP would be positively related to the number of days spent at the 
estuary, but this was not the case. The result suggests that the greater the number of 
days spent at the estuary annually leads to a decrease in WTP.  
 
A plausible explanation for this result is that the majority of the respondents sensitive 
to the water quality problem (therefore theoretically inclined to have a higher WTP) 
no longer use the estuary and as a result were not interviewed. The questions that 
remain to be answered are: (1) Where were these respondents? (2) Why was there a 
negative relationship between number of days spent at the estuary and WTP for the 
respondents that remained using the estuary? 
 
It was thought that the majority of users who used the estuary frequently and whose 
use thereof was affected by water quality over the years opted to find substitutes to 
the Swartkops estuary, e.g. Sunday River. The remaining users were those whose 
activities at the estuary were not affected as much by water quality or had no other 
option but to use the estuary in its condition. Their use adapted or accommodated the 
deteriorated water quality over the years. As a result improving and maintaining river 
water quality was not of sufficient importance to warrant paying any money, because 
they had grown accustomed to the poor water quality over the years. 
  
Theoretically the number of days spent at an estuary should be positively related to 
WTP for water quality improvement. A user who has a high demand for the estuary 
ANNUSE2 (some 
use, 1-4 months) 
The percentage decrease in 
WTP due to a change 
(increase) in number of 
days spent at the estuary 
-64.53% -74.96% 
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should be willing to pay more to improve water quality in the estuary. However, when 
water quality does not matter (adapted users) or is not of sufficient importance, the 
number of days spent at the estuary does not necessarily mean that their WTP should 
be higher for a water quality improvement project. The respondents who use the 
Swartkops estuary more per annum have adapted to the poor water quality.  
When water quality perception is an insignificant variable (reduced Tobit model) in 
determining WTP for a water quality improvement project, it should be of no surprise 
that the number of days spent at the estuary may not be positively correlated to WTP 
for a water quality improvement project. This explains the negative relationship that 
annual use has with WTP. 
 
Using the WTP bid function (equation 5.4), the predicted mean and median WTP 
values for the Swartkops estuary are R39.19 and R13.24 respectively (Table 5.7).  
 
Table 5.7: Summary estimate WTP  
 
 
 
 
 
 
 
 
 
 
 
   WTP ungrouped Tobit ln‐linear OLS linear 
Mean  200.58  39.16  42.57 
Standard Error  50.877  4.067  3.609 
Median  15  13.24  20.90 
Mode  0  0.108  0.927 
Standard Deviation  649.557  51.925  46.082 
Sample Variance  421924.2  2696.2  2123.5 
Kurtosis  40.423  5.985  1.942 
Skewness  6.1459  2.1667  1.4069 
Range  5000  286.4  214.0 
Minimum  0  0.11  0.93 
Maximum  5000  286.5  214.9 
Sum  32695  6383.1  6938.8 
Count  163  163  163 
Confidence Level (95.0%)  100.5  8.031  7.128 
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5.5 STAGE FIVE : CALCULATION OF WTP 
In stage five, individual bids are converted to a population bid. TWTP is calculated by 
multiplying the predicted mean or median WTP bid per annum by the number of user 
households. Given the preference for conservative values (see Chapter three), it was 
decided to use the median bid to calculate the total population WTP. TWTP per 
annum for the implementation of a proposed project to improve water quality to safe 
levels for swimming, fishing and boating in the Swartkops estuary was calculated to 
be R68848. Using the mean bid in the calculation increases TWTP to R203632 per 
annum. Using the broader definition of target population TWTP per annum was 
calculated to be R3481987 (median bid) and R10298688 (mean bid) per annum. 
 
5.6 CONCLUSION 
The OLS and Tobit models were used to estimate WTP for a project to improve water 
quality in the Swartkops estuary. The reduced Tobit model was chosen as the 
preferred predictive model. The estimates from this model show WTP to be positively 
related to population group and employment status. These variables were significant 
and consistent with expectations. Annual use is negatively related to WTP contrary to 
expectations, perhaps due to current users of the Swartkops estuary adapting over the 
years to the poor quality water in the Swartkops estuary and not readily believing the 
scenario that a water quality improvement project was a real possibility. The reduced 
Tobit model was used to predict household WTP mean and median. When the median 
bid is used to calculate TWTP per annum it was R68848, when the mean bid was used 
it was R203632 per annum. When using the broader target population definition, 
TWTP per annum increases to R3481987 (median bid) and R10298688 (mean bid) 
respectively. 
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6 CHAPTER SIX: APPRAISAL/VALIDITY ASSESSMENT 
6.1 INTRODUCTION  
Due to the hypothetical nature of the study, the CVM is prone to numerous biases. As 
a result, testing accuracy of survey responses is an important component of CV 
analysis (Akter, Brouwer, Chowdhury & Aziz 2007). Chapter six considers the 
acceptability of the evaluation estimates produced by CVM - whether the evaluation 
estimates are valid and reliable. The validity of contingent value, or stated WTP, is 
the extent that the measured value corresponds to the theoretical definition of value 
(economic theory). The reliability of stated WTP is the stability of the measure over 
time and the extent to which it is due to random sources (Whitehead, Blowquist, 
Hoban & Clifford 1994). 
 
 
6.2 VALIDITY AND RELIABILITY ASSESSEMENT  
The concept of validity provides standards for evaluating CVM designs and the 
empirical results based on those designs. Three forms of validity are relevant for 
assessing CVM design: content, construct, and criterion validity (Desvousges, 
Johnson, Dunford, Boyle, Hudson & Wilson 1992). Criterion validity requires that 
CV produces true estimates of WTP. It is evaluated by comparing WTP estimates to 
some unestimated value, i.e. market prices. However, because such values do not 
exist for this study, criterion validity was not evaluated.  
 
Content validity 
The content of a CV survey is valid if the questions are phrased in a way that induces 
respondents to give unbiased statements about their WTP. An assessment of content 
validity involves qualitative evaluations of the CV questionnaire (Desvousges et al. 
1992: 16). The main objective of qualitative assessment is to determine whether the 
questionnaire meets the elusive criterion of “working” (Desvousges et al. 2007). If 
this criterion is met, it means that respondents understand the questions that are being 
asked and they are receptive to key elements in the valuation scenario. This evaluation 
also tries to determine whether or not respondents are being influenced by unintended 
biases. The presence of these biases, may lead to bids (WTP) being compromised 
76 
 
(overstated or understated), resulting in a survey being unable to fulfill the content 
validity requirement. It is important to show that people respond to the questions as 
the administrator intends and that these responses correspond to conceptually correct 
measures of values (Desvousges et al. 2007). 
 
The CVM has been the subject of much debate with regards to the potential biases 
inherent in the technique and the controversial nature of the non-use values to which it 
has been applied. In regard to content validity, the NOAA Blue-Ribbon panel 
investigating the validity of the CVM deliberated that the CVM be cautiously used 
(valid), only if a series of guidelines are followed (Barbier, Acreman & Knowler 
1997). The Blue-Ribbon guidelines stipulate that the information presented to 
respondents, on which their WTP bids are made be as accurate as possible (Akoto 
2009). Table 6.1 compares the application of CVM in this study to the Blue-Ribbon 
guidelines. This study was able to follow a large majority of the guidelines set out by 
NOAA Blue-Ribbon panel (Table 6.1).  
 
Table 6.1 Validity assessment of the CVM 
Criteria Satisfied  Comment  
CVM validity  
1. Face-to-face 
interviewing is likely 
to yield the most 
reliable results. 
Yes  The surveys were administered 
through face to face interviews 
at the estuary site and areas 
around the estuary mouth 
within a 10 km radius. 
2. Full reporting of data 
and questionnaires is 
required for good 
practice. 
Yes  All data and questionnaires 
were reported on.  
3. Pilot surveying and 
pretesting are essential 
elements in any CVM 
study. 
No Budget did not allow for 
pretesting, but a conservative 
and reliable survey was drawn 
up, with the help of similar 
research. 
4. The valuation question 
should be posed as a 
Yes Respondents were asked if they 
were WTP for the 
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 Source: Barbier, Acreman and Knowler (1997) 
 
 
 
 
 
vote on a referendum 
 
implementation of a proposed 
project to improve water 
quality. Zero WTP was used as 
a proxy for ‘no’. 
5. A willingness-to-pay 
format is preferred. 
Yes WTP is more conservative than 
WTA. 
6. Accurate information 
on the valuation 
situation must be 
presented to 
respondents. 
Yes  The valuation question was 
clear and precise. 
7. Respondents must be 
reminded of the status 
of any undamaged 
possible substitute 
commodities. 
No   
8. Samples taken at 
different points in 
time. 
Yes Taken over three month period. 
9. Yes and no responses 
should be followed up 
by the open-ended 
question: ‘why did you 
vote yes or no?’ 
Yes  The questionnaire included 
follow up questions. To 
determine the reason for a ‘no’ 
response. 
10. The survey should 
include a variety of 
other questions 
that help to interpret 
the responses to the 
primary valuation 
question. 
Yes  Socio-economic and household 
characteristics, attitudinal 
section, and characterisation of 
behavioural questions were 
also asked. 
11. Respondents must be 
reminded of alternative 
expenditure 
possibilities 
Yes Respondents were reminded to 
consider all existing financial 
obligations. 
12. High non-response 
rates would render the 
survey unreliable. So 
high non-response rate 
must be minimized. 
Yes  Non-response rate was 
minimal.  Sample size was 
appropriate. 
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 Construct validity  
  
Construct validity refers to how well a valuation method explains the values generated 
(Hanley & Spash 1993).  Construct validity is critical for assessing measures of 
abstract theoretical concepts (Desvousges et al. 2007). Construct validity can be 
divided into two categories: theoretical validity and convergent validity. Theoretical 
validity is concerned with the extent to which a particular measure is consistent with 
theoretically derived hypotheses.  The criteria used in this dissertation to assess 
construct validity were (Hanley & Spash 1993; Chege 2009): 
 
 All models are statistically significant with an adjusted R-Squared of not less 
that 15%. 
 
 All reduced models contain the significant variables that they would be 
expected to contain.  
 
 The signs of the coefficients in the reduced model conform to theoretical 
expectations.  
 
 
From the above criteria, the following ratings were constructed (Chege 2009; Hosking 
et al. 2004):  
 
 Strong support → if all three criteria are met. 
 
 Moderate support → if any two of the three criteria are met. 
 
 Weak support → if only one of the three criteria is met. 
 
  No support → if none of the three criteria is met.  
 
The reduced Tobit models for the Swartkops estuary met two of the three criteria. As 
a result the Swartkops estuary has a model that moderately supports construct 
validity. 
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Convergent Validity 
 
Convergent validity relates to the extent to which different methods for valuing a 
given environmental change produce similar results (Hanely & Spash 1993). 
Convergent validity has been tested by comparing CV estimates produced by indirect 
methods, such as travel cost or hedonic pricing (Desvousges et al. 2007). If a CVM 
study gives a result similar to that of the alternative indirect method, then at least the 
analysis is converging toward one answer. It is reasonable to take the convergence of 
any two methods on the value of a given good as a desirable sign (Hanely & Spash 
1993). Convergent validity studies have sought to find estimates which come within 
some specified or implicit bounds of other estimates (Hanely and Spash 1993). In a 
comprehensive review of such work for CVM, a +/- 50% criterion was used - in terms 
of the acceptable overlap in consumer surplus estimates (Hanely & Spash 1993). 
Unfortunately for this study no such comparable value exists yet. 
 
 
Assessing reliability 
 
 
In CVM surveys, reliability is associated with the degree to which the variance of 
WTP responses can be attributed to random error, with reliability being inversely 
related to the degree of non-randomness (Bateman & Turner 1993).  
 
 
Evaluating reliability requires differentiating between true variations and 
measurement error. Economic theory accepts that there will be some true variation in 
different people’s values for the same good. This variation is a result of differences in 
the determinants of WTP, or in some underlying stochastic process (Desvousges et al. 
2007). The reliability of WTP will not be affected by true variation as a result of 
differences in these determinants. The reliability of a WTP value is determined by a 
proper measurement technique (Desvousges et al. 2007). As mentioned previously, a 
deficient survey instrument can lead to measurement problems ranging from 
unintended or biased WTP responses, to incorrect reporting of the independent 
variables used in the analysis. 
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The ideal method of testing reliability would have been to repeat the surveys at the 
Swartkops estuary and then to determined the variation in estimated values. 
Reliability requires that, in repeated measurements; (1) if the true value of the 
phenomenon has not changed a reliable method should result in the same 
measurement (given the method’s accuracy) and (2) if the true value has changed a 
reliable method’s measurement of it should change accordingly (Venkatachalam 
2003).  Due to budget constraints, this form of test for reliability was not possible. 
 
 
Another measure of reliability is the R-squared value of the predictive equation. 
According to Desvousges et al. (2007) and Hanley & Spash (1993) one must question 
the reliability of a CV study which fails to show an R-squared of at least 0.15, using 
only a few key variables. A high R-squared indicates that the unexplained portion of 
the variability in stated WTP is relatively small, which suggests less risk of 
measurement error. The R-squared and the adjusted R-squared for the reduced Tobit 
model was 0.39 and 0.37 respectively (Table 5.5), well above the minimum threshold 
recommended.  
 
 
For theoretical reasons, the explanatory variables of the WTP regression equation 
need to be chosen carefully. In addition to affecting the validity of estimates, the 
choice of explanatory variables also affects the reliability of the estimates 
(Desvousges et al. 2007). The explanatory variables for these models were all chosen 
with this in mind. 
 
 
6.3 CONCLUSION 
The contingent valuation method is an imperfect technique. To hold it up to a 
criterion of perfection is unrealistic. Perfection does not exist, even in actual markets 
(Boyle 2003: 42),  but in terms of content validity requirements (complying with the 
majority of the NOAA Blue-Ribbon panel guidelines) in constructing and 
administering a survey instrument, meeting the construct validity criteria and 
satisfying the statistical and theoretical reliability criteria, it is concluded that the 
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Swartkops estuary has a model that moderately supports construct validity and a CV 
questionnaire that meets the elusive criterion of “working”.  
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7 CHAPTER SEVEN: CONCLUSION AND RECOMMENDATIONS 
7.1 INTRODUCTION 
The fitness for use of water by both humans and aquatic ecosystems is dependent, not 
only by its availability, but also on the physical and chemical nature of it (Cessford & 
Burke 2005). The biggest concern for human and ecosystem health is the emergence, 
transport and fate of contaminants in the aquatic environment (CSIR 2010).  The 
major problems are health threatening microorganisms, numerous toxic metals and 
organic compounds (CSIR 2010). Given the growing population and increased 
urbanization around these systems, combined with the apparent inability of most local 
authorities to adequately treat urban and industrial effluents, the situation will get 
worse (CSIR 2010), posing great social, economic and environmental risks for South 
Africa. In the absence of drastic improvements in water quality management 
approaches and treatment technologies, deteriorating water quality will continue to 
decrease benefits and increase the costs affiliated with use of the country’s water 
resources (CSIR 2010). 
 
The Swartkops estuary is a valuable recreational and ecological asset, but as a result 
of rapidly growing urban areas in and around it, it is subject to the effects and 
influences of these developments (Binning & Baird 2001). The water quality of the 
Swartkops estuary is severely impacted on by several man made sources, and is losing 
some of its recreational, subsistence and environmental appeal. Pollution reduces the 
quality and therefore the recreational value of water available (Roux, De Lange and 
Oelofse 2010). 
 
The main objective of this dissertation was to elicit user’s WTP for the 
implementation of a proposed project to improve water quality in the Swartkops 
estuary to safe levels for swimming, fishing and boating, using the CVM. Chapter one 
outlined the water quality problem in South African estuaries. Chapter two introduced 
the Swartkops river system and provided a theoretical overview of the sources and 
uses made of the water in it. Chapter three outlined the CVM. Chapter four applied 
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stages one and two of the CVM. Chapter five applied stages three, four and five of the 
CVM. Chapter six assessed the credibility of the predicted results.  
 
The contingent valuation method is suited for studies of this nature. It allows the non-
market value of resources to be incorporated in the decision making process and 
analyses, like cost benefit analysis.  
 
The primary research hypothesis examined in this dissertation was that improved 
freshwater quality flowing into the Swartkops estuary had a positive economic value 
(the WTP for improved freshwater quality inflow into the estuary was greater than 
zero). The relevant results were reported in Chapter five. The reduced Tobit model for 
the Swartkops estuary was adopted as the WTP bid function (equation 5.4). The 
relationships of the explanatory variables (income, population group and employment 
status) with the dependent variable (WTP) in the reduced Tobit model were 
significant and consistent with expectations. Annual use was significant, but its sign 
was the opposite of what was expected. 
 
Using the predictive function specified in equation 5.4, the mean and median WTP for 
the Swartkops estuary were predicted to be R39.19 and R13.24 respectively, and the 
TWTP per annum of a narrowly defined user population of the Swartkops estuary was 
calculated at R68848 (median bid) and  R203632 (mean bid). This result confirms the 
hypothesis, that improved freshwater quality flowing into the Swartkops estuary has a 
positive economic value. Using a more broadly defined interested population TWTP 
per annum was calculated to be R3481987 (median bid) and R10298688 (mean bid). 
 
The CVM is prone to biases as a result of its hypothetical nature. For this reason, the 
estimated results of technique need to be subjected to as many tests for validity and 
reliability as possible. Through content and construct validity testing it was found that 
the CV survey instrument satisfied the criterion of ‘working’. In terms of reliability it 
was found that the predictive model of the Swartkops estuary exceeded the minimum 
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requirement of 0.15 R-squared and included many of the variables that could have 
been expected to explain WTP. It was concluded that the CV estimates were valid.  
 
7.2        RECOMMENDATIONS 
The recommendations of this study are divided into two sections: those relating to the 
conduct of contingent valuations of this nature and those relating to estuarine 
management. The recommendations relating to the CV are: 
 
1) Convergent testing for validity needs to be incorporated in the research design 
(and budget provided for this). Comparing valuation results from other valuation 
techniques (travel cost method and hedonic pricing method) would improve the 
credibility of results and the understanding of the determinants of value (WTP). 
Literature on studies that compare values generated using different non-marketed 
techniques are scarce. Among the few are Dikgang and Hosking (2010). 
 
2) The better the information available, the more valid and reliable will be the WTP 
statements. It is recommended that the target population be educated as much as 
possible about the sources and the negative impact of water pollution on estuarine 
services.  
 
3) There are three main problems to carrying out CVM, namely poor survey 
implementation, poorly crafted scenarios and failure to test design. Testing the 
design of the questionnaire was not carried out in this study. The general 
recommendation is to use split-samples to test designs to: gain insights if the right 
choices were made in the design process and the opportunity to learn what works 
and what does not. 
 
The recommendations relating to estuarine management are: 
 
1) The way waste water management services are provided and maintained are 
crucially important (DWAF 2001). The water quality of the Swartkops estuary is 
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rapidly deteriorating as a result of poor management and there’s an urgent need 
for intervention. It is recommended that a project be implemented by the Nelson 
Mandela Bay Municipality to improve water quality in the estuary. This project 
would be financed through higher annual waste water charges on the user 
population.   
 
 
2) Many estuaries around South Africa are experiencing a water pollution problem. It 
is recommended that similar CV analyses for improving water quality in these 
estuaries around South Africa be conducted with a view to generating more 
general recommendations for increasing user waste water service tariffs to fund 
projects to address the problem. 
 
3) Most respondents who complained or refused to pay to improve water quality in 
the estuary citied lack of accountability by the municipality of the management of 
funds from fishing licences, boating licences etc. It is recommended that the 
municipality be more transparent and direct with the management of funds for 
water services. 
 
4) It is recommended that the municipality become more proactive rather than 
reactive to the problem of water quality. Water resource managers should ensure 
strict compliance with water quality standards by all sewage treatment works and 
industries. It is a municipal obligation to do this in terms of the constitution of 
South Africa. 
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3. Age …… years 
4. Marital Status 
 ____ 1. Single 
 ____  2. Married 
 ____  3. Widowed/Divorced/Separated 
 
5. Education 
_____ 1. None 
_____ 2. Primary 
_____ 3. Secondary 
_____ 4. Technical, Diploma 
_____ 5. University Degree 
_____ 6. Post Graduate Degree 
_____ 7.Others (please specify)…………..……………………. 
 
6. Employment Status 
____ 1. Employed 
____ 2. Unemployed 
____ 3. Retired  
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7. How many people make up your household? ________ 
8. Total annual pre tax income of Household 
Pre Tax Income (Rands) 
0 0 
1- 10 000 1 
10 001-30 000 2 
30 001-50 000 3 
50 001-100 000 4 
100 001-150 000 5 
150 001-200 000 6 
200 001-250 000 7 
250 001-350 000 8 
350 001-500 000 9 
500 001+ 10 
 
9. Visitor or Resident? 
____ 1. Visitor 
____ 2. Permanent resident 
____ 3. Holiday resident 
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Part 2: Attitudinal section  
10. Do you think the water quality in the Swartkops estuary is suitable for the 
following activities? 
Recreational 
____ 1. Yes 
____ 2. No 
 
Commercial 
 ____ 1. Yes 
 ____ 2. No 
 
Subsistence 
____ 1. Yes 
____ 2. No 
 
11. Do you think the local municipality are doing enough to maintain the water 
quality in the Swartkops estuary? 
____ 1. Yes 
____ 2. No 
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Part 3: Characterisation of behaviour  
12. On average how often do you visit the Swartkops estuary per year?  
Days 
1 day per year 1 
1 week (2-7 days) 2 
2 weeks (8-14 days) 3 
3 weeks (15-21 days) 4 
1-2 months (29-59 days) 5 
3-4 months (60-90 days) 6 
Permanent resident 7 
 
13 Indicate the distance from your place of residence to the Swartkops River estuary. 
13.1 About ……………..km. 
 
14. What is the main purpose of your use of the estuary? 
____ 1. Recreation (Fishing, boating, swimming, bird watching, relaxing and 
enjoying the scenery) 
____ 2. Commercial (fishing and bait collection) 
____ 3. Subsistence (bait collecting, fishing, employment from recreation users) 
____ 4. Availability for others (ones children, future generations and other people 
elsewhere)  
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15.1 Rank the relative importance you attach to the following activities of the estuary 
on a scale of 1-4 (1 is extremely important and 4 is unimportant)   
 
Activity  Extremely 
important 
Very 
important 
important unimportant 
Recreation 1 2 3 4 
Commercial 1 2 3 4 
Subsistence 1 2 3 4 
Availability for others 1 2 3 4 
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Part 4: Contingent Valuation Section 
The Swartkops River passes through a highly urbanised and industrialised region of 
the Eastern Cape and forms an important part of Port Elizabeth and areas surrounding 
it. It is a valuable recreational and ecological asset. As a result of rapidly expanding 
urban areas, the water quality of the Swartkops estuary is critically impacted by 
several effects and influences of these developments. The sources of impact include: 
agriculture, wool processing factory, three sewerage treatment works, and runoff from 
informal settlements and discharges from light industries. The Swartkops is one of the 
most threatened freshwater systems in South Africa. 
 
Water quality in the Swartkops estuary among several researchers has been rated as 
good. But as recently as May 2010 a warning was issued to the public not to swim or 
fish in the Swartkops River as water quality had deteriorated as a result of broken 
sewage pipes and stormwater drains. The Redhouse River mile as a consequence was 
moved due to dangerously high levels of pollution. This research proposes a project to 
improve and sustain the Swartkops estuary water quality rating, thus bringing the 
water quality of the Swartkops estuary to swimmable and fishable levels. This 
improvement will involve increasing the effectiveness of Nelson Mandela 
Municipality Wastewater Treatment Works along the Swartkops River and replacing 
of faulty joints and pipes in the system. This project will be financed through higher 
waste water charges levied on all water service users in the Nelson Mandela Bay 
Municipality.  
 
Valuation Question: 
In answering the valuation question it is important that you consider all your existing 
financial obligations before making your decision, and that you answer truthfully as 
possible. Please also remember that you should take into account not only your 
current use, but also yours and your families’ potential use as well as anyone else’s 
that is important to you. It is also important to remember that there are other 
alternatives to the Swarkops estuary; such as the Sunday river estuary within 
proximity. 
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16. How much are you willing to pay for the implementation of a proposed project to 
improve water quality to safe levels for swimming, fishing and boating. 
Amount willing to pay (Rand)  
0 0 
0-10 1 
11- 20 2 
21-30 3 
31-50 4 
51-100 5 
101-200 6 
201-500 7 
501-1000 8 
1001-2000 9 
2001-3000 10 
3001-4000 11 
4001+ (specify) 12 
 
16.1 If your answer was 0, what are your reasons? 
____ 1. I do not have enough money to pay for river water quality improvement and   
maintenance. 
____ 2.I do not believe that improving and maintaining river water quality was of 
sufficient importance to warrant paying any money 
____ 3 I did not believe the scenario 
____ 4 I object to having to pay money for maintaining water quality in rivers 
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___ 5 Other reason not reflected in the questionnaire 
  
Do you have any other comments you would like to contribute on this public issue? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
